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ABSTRACTS OF PAPERS PRESENTED AT THE FALL MEETING OF THE 
SOCIETY OF NORTH CAROLINA BACTERIOLOGISTS AT 
WINSTON-SALEM, N. C. ON NOVEMBER 21, 1959 


1. Interaction of herpes simplex virus in 
human amnion. Sid Osterhaut, Duke University 
School of Medwine, Durham. 


2. Biochemical investigation of homeostatic 
cell culture. Kenneth McCarty, Duke University 
School of Medicine, Durham. All mammalian cell 
cultures that have been investigated to date, 
have shown absolute requirement for a carbo- 
hydrate source. There are a limited number of 
carbohydrates that are able to meet this require- 
ment. The fibroblast cell is able to utilize, with 
equal facility, glucose, fructose and mannose. 
Eagle has shown that the HeLa cell is able to 
utilize galactose, and Chang has shown that one 
selected clone of this cell type can be adapted to 
be maintained on ribose as its sole carbohydrate 
source. Neither acetate, citrate nor succinate is 
able to support the requirements of most cell 
cultures. Despite the fact that Munyon and 
Merchant have demonstrated that lactate is 
taken up from the media in glucose-starved 
fibroblast cells in static cultures, this substance 
is also unable to replace the glucose requirements. 
In order to investigate a few of the pathways 
involved in the metabolism of glucose that are 
characteristic of a pure strain of presumably 
normal fibroblast cells, and to compare these 
events with those that occur in a definite malig- 
nant cell, the Ehrlich ascites tumor cell, it was 
deemed necessary to simplify the rather complex 
situation that exists in the conventional static 
cell culture system in order to provide a more 
homeostatic cultural environment. The apparatus 
to achieve this purpose is termed a homeostatic 
cytogenerator, and permits a precise control of 
pH, as well as a delicate regulation of the gas 
mixtures, oxygen, nitrogen and carbon dioxide. 
Provision is also provided for the regulation of 
profusion rates for fresh media and the removal 
of waste products. The cells proliferate, while 
maintained in suspension. As a result of investi- 


gations using this system it is apparent that both 
the strain L fibroblast cell investigated as well 
as the Ehrlich ascites tumor cell possesses a 
highly efficient mechanism for glucose uptake. 
The experiments demonstrated that the glucose 
utilized by these cells is highly inefficient, which 
was emphasized particularly by a rapidly pro- 
liferating cell. There was a close relationship 
between the glucose utilized and the lactic acid 
produced to the total number of cells and active 
mitoses. The experiments demonstrated that 
actively proliferating cells utilized as much as 
one mg. of glucose per mg. dry weight of cells 
per day, and discarded to the expended media 
70 to 80% as unutilized lactate. A number of 
conditions were investigated as to their effect on 
carbohydrate metabolism. These conditions were: 
the lowering of the potassium sodium ratio, par- 
tial anaerobiosis, and the effect of insulin. The 
results of these experiments are described. 


3. Studies on the in vitro cultivation of guinea 
pig phagocytic cells. Glenn Watson, Bowman 
Gray School of Medicine, Winston-Salem. 


4. The effect of antibiotics and antiserum on 
chronic infection of HeLa cells with meningo- 
pneumonitis virus. G. J. Galasso and G. P. Man- 
ire, University of North Carolina School of Medi- 
cine, Chapel Hill. The persistent infection of 
HeLa cells with meningopneumonitis virus has 
been reported previously (J. Immunol. 83: 259, 
1959). Studies have been conducted to determine 
the effect of penicillin, achromycin and anti- 
serum on such cultures. The level of antibiotics 
used was selected so as to maintain an effective 
dose without cell damage. Three sets of experi- 
ments were performed: (1) the cultures were pre- 
treated with the agent prior to and a week follow- 
ing infection; (2) cultures infected for a month or 
more were treated for a week; and (3) similar 
cultures were treated for extended periods in an 
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attempt to completely rid the culture of virus. 
The addition of antiserum to established chronic 
infections had no definite effect on the virus pro- 
duction, if it was added prior to infection it 
showed definite inhibitory action but not suffi- 
cient to protect the cells completely. Penicillin 
(100 «/ml.) had some inhibitory effect on estab- 
lished infections but once the antibiotic was 
removed the titer returned to the normal range. 
When added prior to infection the effect was 
essentially the same. Cultures treated with peni- 
cillin for 314 months continued producing virus in 
low titer and returned to the average high titer 
when the drug was removed. Achromycin had a 
marked effect on the infected cells; 25 wg./ml. for 
5-7 days caused a drop in titer to <10 but the 
virus titer rose following this treatment. If the 
antibiotic was added prior to infection, or treat- 
ment of infected cultures continued for 12-14 
days, the virus titer dropped and no virus could 
be detected 20 weeks after the antibiotic was 
removed. There was no synergistic effect when 
the antiserum treatment was combined with 
either antibiotic. An experiment to examine the 
extracellular effect of achromycin on the virus 
showed that its half life was halved in the pres- 
ence of the antibiotic. 


5. Effect of amino acid analogs on ammonium 
assimilation by Pseudomonas. W. E. Deturk, 
Duke University School of Medicine, Durham. 


6. Studies on the adsorption and replication of 
vaccinia virus in Earle’s L cells. K. O. Smith and 
D. Gordon Sharp, University of North Carolina 
School of Medicine, Chapel Hill. The WR strain 
of vaccinia was adapted by serial passage to 
grow in mouse fibroblast cells. Virus particles were 
counted by a sedimentation technique which 
permits great precision at low virus concentra- 
tions. It was found that an average of 1700 virus 
particles are produced per cell under optimum 
conditions of inoculation and growth. Virus 
particles adsorbed by cells were counted directly 
and the number of particles adsorbed per cell 
was directly proportional to the time of inocula- 
tion and the size of inoculum through a wide 
range. The rate of adsorption at 37°C with a 
virus:cell multiplicity of 200 and a cell concen- 
tration of 5 X 10*/ml. is approximately 10 
particles/cell/hour. The growth curve is linear 
between 8 and 24 hours, and no further increase 
is detected after 36 hours. The total yield of 
virus is related to the physiological state of the 


[May 


cell and appears to be greater in actively growing 
cells. A definite eclipse phase was detected by 
pock infectivity titrations, although morphologi- 
cally identifiable particles were observed through- 
out this phase. Other aspects of the kinetics of 
vaccinia virus adsorption, growth, and release 
are being studied at present using infectivity 
titrations in conjunction with particle counts. 


7. Studies of serum lysozyme, complement and 
properdin, and resistance to infection. Ernest W. 
Chick, VA Hospital and Duke University School 
of Medicine, Durham. 


8. Comparison between purified individual 
tuberculoproteins and the International Stand- 
ard Tuberculin, PPD-S. H. M. Vandiviere and 
Margaret R. Vandiviere, Gravely Sanitorium, 
Chapel Hill. The International Standard, PPD-S, 
even though markedly free from impurities, has 
been found to be a mixture of proteins. A number 
of these have been isolated and tested in an 
attempt to determine if there exists a single 
tuberculoprotein of greater sensitivity and 
specificity in detecting true reactors. These 
proteins, designated fraction A, fraction B, 
fraction C, and bacillary protein, were compared 
with PPD-S in tuberculous patients, in indi- 
viduals vaccinated with the attenuated bovine 
variant BCG and in healthy, naturally sensitized 
individuals. Three concentration levels were 
tested: 0.00002 mg., 0.0001 mg., and 0.005 mg. 
Uniformity of techniques and procedures was 
enforced throughout the study. Fraction C 
proved to be an inferior antigen among all groups. 
Fraction A in general gave slightly larger reac- 
tions. Among the groups who had received the 
most potent vaccine, the largest concentration of 
A protein tested gave significantly larger reac- 
tions than the equivalent dose of PPD-S. A 
relationship with immunity rather than disease 
seemed indicated. The B protein alone gave 
indications of being a better skin test antigen 
than PPD-S. Among subjects with a low degree 
of hypersensitivity, the B protein resulted in 
smaller reactions and fewer reactors than the 
PPD-S. This was especially true among the 
healthy, naturally sensitized subjects where the 
etiologic agent was not known. Among subjects 
of high hypersensitivity, especially tuberculous 
patients, the B protein resulted in significant 
increase in size of reaction and in numbers de- 
tected. Thus, the B fraction appears to be a more 
sensitive and specific antigen than PPD-S. 
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SOME MATRICES RELATED TO THE GREATEST INTEGER FUNCTION 


By L. Caruitz 


Department of Mathematics, Duke University, Durham, North Carolina 


1. Put 


(1) A= ([r/s}) (r, o* 1, 2, ete s n), 
where [z] denotes the greatest integer < x. In a 
recent paper Jacobsthal [3] has proved that the 


inverse of A is determined by 


(« (2) -»(-a)) 


(r,s = 1, 2, --- 


4-1 
(2) 
»n), 


where u(x) is the Modbius function and for non- 
integral s is taken as 0. This result can be verified 
rapidly as follows. The familiar relation 


‘1 (r= 1) 
pe WM) = 19 @>1) 
can be written in the form 
: r k k-1 
Mi- noah bueee = Ors 
E()(é]-[=) 
(r, 8 a 1, 2, +++), 
where 6,, denotes the Kronecker delta. Indeed 


since 
z { (s | k) 
(0 @+h, 


4) ki) _ |k-1 

\ 8 8 

it is evident that the left member of (3) is equal to 
7. B (7) = u(d) = drs, 


s|kir d|(r/s) 
where s|k|r stands for s|k, k|r. Now, by 
partial summation, (3) yields 


= (+()-«e)) LE] 


pm 
‘ 
+ ola 


(«(2)-«(-5))[#]. 


which evidently implies (2). 

2. This proof suggests several possible exten- 
sions. Let f(n) denote an arbitrary arithmetic 
function of n, that is, f(m) is finite and single- 





(3) 


6;; = 





EE]: 


k=1 


or 


valued for positive integral n and otherwise is 
defined equal to 0. Put 


(5) F(n) = > f@ (n = 1, 2,3, ---); 
din 

also we take F(x) = 0 when z # 1, 2, 3,---. 

Then, exactly as above, (5). may be written 


EOC TE)-"O 


k=l 
(r,s = 1,2, ---,n); 
partial summation yields 
= r r k r 
o BV@-(ea)LE]-@) 
(r,s = 1,2, ---,n). 


Clearly this implies the matric equation 


© (C)-(a)ED-& @) 


For f(k) u(k), (7) reduces to Jacobsthal’s 
result. We also note that (7) and (2) imply 


(3) - 2a) 
( (3)) («(G)-» (FA). 


Incidentally the matrices 


((5)-2(5))  (Q) 


are non-singular if and only if f(1) = F(1) = 0. 
As further examples of (7), if we take f(k) = 
(k), the Liouville function defined by 


pet, MR) = (-1)t +, 


k = pi! eee 
then since 


(1 (k = square) 
X(d) = § 
p> (d) 


\0 (k ¥ square), 


we get 


» COG) ED-« 
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where c’-; = 1 when r/s is an integral square, 
c’re = 0 otherwise. Similarly for f(k) = (4), 
(7) becomes 


0 (°()-+Ge)CD-G+)- 


where 
fl (s|r) 


(11) =” 10 (s +r). 


Comparing (11) with (4) we have also 


olf] 


3. Using (12), we may rewrite (3) as 
~ r 
Su (7) cu = 5, (r,s = 1,2, +++, n). 
k=1 k 


If we put 


C = (Crs), M = (u (£)) 
(13) 8 


(r,s = 1,2, +--+, n), 
then clearly 
(14) CM =I. 
From 
Deairw(d) = br 


follows the well known result 


>| io =1 (x 


ksz 


az 


k 


IV 


This implies 


Hence if we put 


(15) B= (b;s) 


where 


it is clear that 
(16) AM = B, 
where A is defined by (1). 

The matrix C has an intimate connection with 
the Smith matrix (for references see [2, pp. 122- 
129]) 

(r, 8 _ A, & ay <e, 


F = (F(r, s)) 


[May 


where F(r, s) = F((r, s)), a function of the 
greatest common divisor. If f(k), F(k) satisfy 
(5), then Cesaro [2, p. 130, reference 68] has 
shown that 


Lireat FOr, 8)ante = Direr fr) ye, 
where 
Yo = Dorm Tiers 

(s = 1, 2, ---, mn). 
In matric form this is 
(17) F = C-diag. (f(1), --- ,f(n))-C’, 
where C’ is the transpose of C; in view of (14) 
we have also 
(18) MFM’ = diag. (f(1), --- ,f(n)). 

If in place of (5) we take 
(19) Gm) = Lirigk) (mn = 1,2,3, ---) 
then we have the analogous result [3]. 
G(r, s) = B-diag. (g(1),---, g(n))-B’, 
where 
G(r, s) = G(min. (r, s)). 


4. A further generalization of (7) can be ob- 
tained by making use of the Dirichlet product 
of two arithmetic functions [1] 


(20) h(n) = Doremmf(r)g(s). 
Making use of the convention that f(x), g(x), 


h(x) are defined as = 0 when z is not a positive 
integer, we may replace (20) by 


~ r k r 
oy &()*()-4() 
(r,s = 1,2, ---,n). 


We now put 
v = k 
(22) G(r,s) = Dog (‘), 
k=1 _ 


so that 


GO, s) = 0, 


P (2) the -@-La 
Thus the left member of (21) becomes 


> 1(z) (G(k, s) — G(k — 1, 8)) 


k=1 
. r r . 
- EG) -1(e:)) 


r Y 
+ f (5 i) G(n, 8). 





Fx 
Wwe 
g( 


th 


ha: 


def 





s). 
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Therefore 


n r ‘ 5 ‘ 
(23) p> (*(;) "e (5) eq. 8) = (2) 
(r,s = 1,2,-+-,n). 


In particular if f(1) # 0, we may take h(n) = 
6,1, the unit function for Dirichlet multiplica- 
tion. Then the reciprocal function is uniquely 
determined and it follows from (23) that the 
matrix 


(G(r, s)) (7,8 = 1,2, «++, n) 


has the inverse 


(()-(e)) 


We remark that since (21) is symmetric in 
f, g we have a like result in terms of the function 
F(r, s) defined by 


F(r,s) = >i(‘), 


k=1 


1,2, +++, 7). 


F(O, s) = 0. 


For example, when f(r/s) = u(r, 8), g(r, 8) = Crys 
we get Jacobsthal’s result, while for f(r/s) = cr,s , 
g(r, s) = u(r/s) we get the following result. Put 


M(r, 8) = >» (*) = > uh); 
km. \8 k<r/s 
then the matrix 
(M(r, s)) (r,s = 1,2, ---, mn) 
has the inverse 
(Cr,s — Cr,s+1) (r,s = 1,2,---,m). 


It should be observed that the function G(r, s) 
defined by (22) is by no means an arbitrary 
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function of r and s. Since G(r, s) satisfies 
G(r, s) — G(r — 1,8) = g(r/s), 


it follows that G(r, s) = G(r — 1, s) unless r| s; 
thus G(r, s) is a direct generalization of [r/s]. 

As an additional example involving the 
Liouville function A(n) occurring in (9), we 
recall that 


Doremn A(r) (8) = Sar. 


Then if we put 
— fk 
Q(r, 8) = a (‘), Q00, 8) -” 0, 
k=1 P 


so that Q(r, s) is the number of quadratfrei 
integers < r/s, it follows that 


(a(‘) -2 (. 1))-@e s)) =I. 


On the other hand, if we put 
L(r,s) = >> A (‘) = 
k=i_—(\S 


then we have 


(1(2)-w(-55)) oom at 
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LIMNETIC COPEPOD POPULATIONS OF BAHIA FOSFORESCENTE 
AND ADJACENT WATERS, PUERTO RICO! 


By Rosperr E. Coker ano JuAN G. GONZALEZ 


AREA OF StTupy 


La Parguera, a small fishing village on the 
south coast of Puerto Rico, is about nine nautical 
miles east from the island’s southwestern ex- 
tremity, Cabo Rojo, at the southern opening of 
Mona Passage between Caribbean and Atlantic 
(Fig. 1). Recently, it is developing into a resort 
for sport fishermen, skin divers, tourists attracted 
by the famous Bahia Fosforescente, and the 
thousands of Puertoricans drawn to the Zoologi- 
cal Garden on Magueyes Island. Deep water is 
near; beyond a shelf, about six nautical miles in 
width, broader here than to eastward, the bottom 
drops precipitously. Indeed, on the charts, 10-, 
20-, and 100-fathom lines of the Caribbean 
nearly coincide, while depths of 200, and 300 
fathoms and more are shown within a short 
distance. The shelf, generally, has depths of six 
to 15 fathoms, except that its shoreward half is 
thickly sprinkled with barely submerged or 
slightly emergent coral reefs of diverse forms and 
sizes and spotted with small mangrove islands. 
The topography of the reef area seems to give 
substantial protection to the village, which is 
reported never to have suffered noteworthy 
damage from hurricanes. 

The generally east-west coastline is sculptured 
with small bays, which may be broadly open or 
nearly enclosed, and is generally bordered with 
dense growths of mangroves of several species, 
but principally Rhizophora mangle. For the ever- 
present and often quite extensive mangrove 
swamps or borders, the Spanish word, manglares, 
- has not only the merit of brevity, but also, one 
of import that defies exact English rendition. 
Accordingly, it may well be taken into the lan- 
guage and will be used hereinafter. The manglares, 
here or there, may be relatively narrow borders, 
from which occasional extensions protrude out- 
ward toward the reef area; or they may have 
substantial breadth and be patterned complexly 
with winding channels or “canals” and smaller 
or larger shallow open ponds. 

Most notable of the small bays of the region is 


1 Contribution from Institute of Marine Biology, 
University of Puerto Rico, and Department of 
Zoology, University of North Carolina. 


the world-famous Bahfa Fosforescente, display- 
ing luminescence every night of the year. For 
this one bay, it seems preferable to retain the 
Spanish name, which happens to be a misnomer, 
since luminescence, rather than phosphorescence, 
characterizes the water. Direct translation would 
repeat the misnomer, while a change of appela- 
tion would only do violence to a geographic 
name. This bay comprises open water of about 
46 acres and manglares of approximately the 
same extent. Its southward opening to the reef 
area is narrow, about 158 meters in width 
(measurement by Dr. John D. Weaver). 

Another bay of special interest is one called 
Monsio José (originally, it is said, Monsieur José). 
This less readily accessible bay, a little farther to 
the west of La Parguera (4.5 km.) than Bahia 
Fosforescente is to the east (3.4 km.), has some- 
what the same areas of open water and manglares 
and, also, little direct connection with the outside 
water of the reef area. Local fishermen say that 
it is generally, and sometimes brilliantly, lumines- 
cent at night. Being shallower and less easy of 
approach, it is not visited by the tourist-carrying 
boats. When we have visited both bays in the 
same evening, Monsio José displayed striking 
luminescence in all parts, but with less brilliance 
that evening than did Bahia Fosforescente. 

For comparisons, plankton collections were 
made fortnightly for more than a year at six 
stations (Fig. 1), as follows: (1) the narrow- 
mouthed Bahia Fosforescente (Fig. 2); the 
broadly open Montalva Bay, just beyond the 
former; (3) Channels in the reef area, a mile, 
more or less, off the bays just mentioned; (4) 
Monsio José Bay (Fig. 3); (5) Posa de Don 
Eulalio, a small bay, through which, mainly, 
Monsio José connects with the reef area (Fig. 3); 
and (6) Canal de Magueyes, a long narrow, about 
100-yard wide, channel separating the laboratory 
island of Magueyes from the mainland. At pres- 
ent, we report plankton only of the first three 
stations, with comments on hydrographic condi- 
tions at all stations. 


OBJECTIVES AND METHODS 


The special studies of local plankton conducted 
by the authors have had two primary objectives. 
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Fic. 1. South coast of Puerto Rico, Cabo Rojo to Montalva and Turrumote, showing reef area and 


chief bays and islands. 


One was to gain knowledge particularly of the 
littoral and neritic copepods of the region and to 
learn something of the patterns of distribution 
and the ecology of the several species. In the 
phase of the broad study guided by this objective, 
the junior author has played a leading part in 
collaboration with Dr. Thomas E. Bowman of 
the United States National Museum. Publication 
of some of the results of their studies is in prog- 
ress. It is hoped that such studies may be ex- 
tended to other coastal regions and to offshore 
waters of the Caribbean, the Atlantic, Mona 
Passage, and waters east of Puerto Rico. 

Another objective partially reported on in this 
paper, has been to ascertain if there are distin- 
guishable patterns of populations of copepods in 
the nearly enclosed Bahfa Fosforescente, charac- 
terized regularly by nocturnal luminescence, and 


Monsio José Bay, generally with nocturnal. 


luminescence, in contrast to more open bays, such 
as Montalva or Don Eulalio, and to waters over 
the reef area, with which both of the luminescent 
bays are in communication. No relation whatever 
is presumed to exist between the phenomenon of 
nocturnal luminescence and the copepods (ex- 
cept, of course, as the copepods may consume 
the luminescent organisms). It is, however, a 
basic assumption that the exceptional bays that 
maintain rich cultures of particular luminescent 
organisms without break throughout the year 
must be characterized by exceptional chemical, 
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Fic. 2. Bahia Fosforescente. 


physical or basic biological conditions that do 
not prevail so uninterruptedly in ordinary 
coastal waters. From such a basic assumption, the 
question naturally arises whether the special 
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conditions of the bay may be reflected in special 
patterns of the larger zooplankters, which are 
principally copepods. 

Recognizably, the methods of sampling and 
counting employed were not ideal from the point 
of view of a quantitative study. Other technically 
uqantitative procedures considered were believed 
to be subject, under prevailing conditions, to 
even greater errors of sampling and identification. 
The counts were reduced to percentages and 
recorded on at least two cards for each collection: 
(1) the zooplankton count, for percentages of 
copepods (mature, juvenile, nauplii) relative to 
all other multicellular zooplankters (free eggs, 
mostly unidentifiable, and protozoans—foram- 
iniferans, radiolarians, dinoflagellates,  tin- 
tinnids—, although generally noted as to presence 
or abundance, were not, for present purposes, 
counted as zooplankters); (2) the copepod count, 
recording percentages, relative to all copepods, for 
the several species of mature copepods, for 
juveniles (copepodids) by groups, and nauplii. 
The figures derived give no indication of densities 
of populations for comparison of the several 
stations, nor of numbers per unit of volume of 
water. Use of such a tool as the Rafter cell had 
to be rejected at the outset. The great amount of 
debris, almost invariably present, necessitated 
frequent manipulation for satisfactory observa- 
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tions of a plankter; the considerable number of 
species and the generally small size of mature 
individuals called too often for bringing the high 
power of the microscope into play, for further 
manipulation, or for isolation and dissection for 
sure identification. Nevertheless, with full recog- 
nition of the trickiness of percentages and with 
due allowance for sampling errors, it seems clear 
that information of value is derivable from the 
data presented. 

For counsel and for analyses of variance for 
most of our tables of original data, we are greatly 
indebted to Dr. Bernard G. Greenberg, Professor 
of Biostatistics, in the Institute of Statistics and 
the School of Public Health of the University of 
North Carolina, and James E. Grizzle, Research 
Associate. Mrs. Ellen E. Kaplan was most helpful 
in putting tables through the computer under 
Mr. Grizzle’s guidance. The analyses, though 
fully used, are not included in this paper, but are 
in files of the Institute of Marine Biology. We 
are indebted to Dr. Juan A. Rivero, Director of 
the Institute, and to the staff of the laboratory 
for help at all times, and to Mrs. M. C. Boyce 
for the drawings. 

Collections at the several stations previously 
mentioned were made at fortnightly intervals for 
the period of a year, from November 1957, to 
October 1958, (as well as at some other times and 
monthly during the ensuing year). For Bahia 
Fosforescente, Montalva Bay and “Offshore’’, 
(as well as for Monsio José Bay (not covered in 
this paper), two 12 inch No. 10 plankton nets 
were drawn simultaneously, one at the surface 
and one in the “‘deep’’, that is to say, at a safe 
distance above the bottom, at a speed of about 
114 knots and for a period of 10 minutes. 

Depth of haul in the two bays necessarily 
varied from about five to 10 feet. In channels of 
the reef area, where strong breezes sometimes 
subject the boat to considerable drift and corla 
elevations were unpredictable, the deep haul 
was at 15 to 40 feet. After loss of nets on corals 
heads, greater depths were avoided. Tows in 
Bahia Fosforescente were along the main east- 
west axis of the bay; in Montalva along the 
north-south axis of the western part of the bay. 

After collections, with formaldehyde added, 
had settled in the laboratory for at least 24 hours, 
the supernatant liquid was drawn off and the 
sediment transferred to small vials. After settling 
in the vial for 24 hours, the volume was measured 
to the nearest half-millilitre; the need for rough 
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determinations of volume is detailed on a later 
page in consideration of transparency. Finally a 
small amount of glycerin in 5% formalin was 
added to each vial. 

For counting, material irom a_ thoroughly 
shaken vial was drawn out with a pipette and 
spread in two long rows on a large slide. Three 
to five such slides were prepared for each collec- 
tion; these were first subjected to casual exminaa- 
tion to ascertain if unfamiliar species were pres- 
ent, for removal of some of the larger masses of 
debris, when necessary, as was often the case, or 
for separation of zooplankters from debris. It 
may be emphasized that debris, often entangled 
with blue-green algae, constituted an aggravating 
obstacle in almost every collection from any 
place. Counts were continued to 300-500, or 
more, as seemed desirable in each case. (In a few 
cases, 200 seemed adequate.) Later, for each 
station, the percentages were transferred to large 
tabulation sheets; one for zooplankters, including 
copepods; one for copepods only. Finally, sepa- 
rate tables were prepared corresponding to each 
heading of the sheets, where data was adequate. 

Not all counts were used for the tables, but 
only those comparable for the three stations, a 
daytime collection for each month made with the 
No. 10 net towed for 10 minutes. Since all of the 
waters sampled have communication with the 
reef area, any species found at any one station 
may be expected to occur, at least occasionally, 
at any of the others. What we are now primarily 
concerned with for each place is: what species, 
however it may have arrived, seems to find there 
the conditions favorable to its activity and 
multiplication? 

What the counts of copepods for three stations 
presently considered reveal is the relative abun- 
dance of the several species in open waters and 
during the day-time, as indicated by 10-minute 
tows of the No. 10 net. As previously mentioned, 
they do not serve for comparisons of abundance 
between the several stations. They do not reveal 
the copepod fauna of bottom sediments, Thalassia 
beds, mangrove roots or other environments 
that were not systematically sampled. Conse- 
quently, and this is the point to be emphasized 
now, if a species occurs only rarely in the counts, 
this does not mean that it is rare in the bay or 

over the reefs, or even in the open water at all 
times; it means only that this particular copepod 
was rarely taken in the open water in the daytime 
with the method of sampling employed. Other 
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observations indicate that the composition of 
open water plankton in Bahia Fosforescente is 
about the same at night as in the day, except as 
the large Pseudodiaptomus sp. comes out at night 
from its daytime retreat in beds of Thalassia. 
This copepod was prominent in seven of nine 
night collections in our one 24-hour station, 
February 12 and 13, 1958. It appeared in other 
night collections. Here, then, is a copepod, too 
large and distinctive in appearance to be over- 
looked when present, but whose occurrence in 
the Bahia might not have been suspected from 
study of only daytime collections, but which 
may, by its nocturnal activities, play some im- 
portant part in the bio-economy of the open 
water community. Longipedia coronata, also, 
appeared only at night, but infrequently and as 
isolated examples. The rare appearance of a 
copepod in samples does not mean that the species 
is rare in the area; nor, on the other hand, does 
it mean that the species is “at home” where 
found; it could be a stray from an entirely differ- 
ent community than the one sampled. 


HYDROGRAPHIC CONDITIONS 
TIDE 


Notable features of tide in the region of La 
Parguera are: (1) Its diurnal character, with one 
low and one high (as generally observable) during 
a period of 24 hours, each occurring at about the 
same time of day over extended periods; (2) 
small and slow changes of level between high 
and low; (3) the change in timing of the apparent 
diurnal cycle that takes place in early spring, 
with reverse change in the fall; (4) the generally 
higher level maintained in summer, as compared 
with winter; and (5) the absence of strong tidal 
currents, such as are familiar and significant at 
most points of the Atlantic coast of the Continent 
and, it is understood, of Puerto Rico, as well. 

A tide gage of the United States Coast and 
Geodetic Survey is maintained on the outer pier 
of the Institute of Marine Biology. It is hoped 
that the Survey will, in time, be able to supply a 
complete anlaysis of the tidal situation as it is 
revealed by this gage; up to the present time, 
unavoidable breaks in the record have made this 
impracticable. Meantime, originally to supply 
information desired by an embryologist working 
in the laboratory at the time, the senior author 
had graphs prepared from sheets received 
monthly from the Survey, showing highs and 
lows for the period from the first day of operation 
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Fic. 4. Sample graphs of high and low tide, July 8 to 18 and December 8 to 18, 1955, illustrating the 
diurnal character of the tide and the reversal of timing, summer and winter. 


of the gage, December 4, 1954, to December 31, 
1955. The crude facts given in this place, derived 
in great part from the graphs, seem to constitute 
the minimum requirement for the local biologist. 

Generally one thinks of the tide as having two 
highs and two lows each day; but regional and 
local conditions may cause one pair (a high and a 
low) to be so obscured (or cancelled out) as to be 
barely, if at all, noticeable, as is commonly the 
ease at La Parguera. During most of December 
1954, and January and February 1955, the single 
daily distinct low occurred regularly within a 
few hours of midnight and the high around 
midday, with a few hours of variation but without 
the continuing progression associated with semi- 
diurnal tides where the lunar cycle is more 
dominant.? Only occasionally on the graphs, 
quite small secondary highs and lows are seen to 
break the general pattern. Such breaks were not 
obvious in December, but showed for two days 
in January, six in February, five in March, five 
in April, one in May and none in June. 


2 Dr. D. C. MeDowell, of the Institute of Tropi- 
cal Meterorology, University of Puerto Rico, 
has called my attention to the fact that progres- 
sion is actually manifest in some of the graphs, 
where it is interrupted by occasional skip-backs: 
progression goes only so far, when highs and lows 
step back a few hours and progression start anew. 
The explanation of this is not apparent. 


Meantime, in early and mid-spring, another 
daily part of the tide wave, not noticeable in 
autumn and early part of the winter, seemed to 
take over and, thereafter, to display the same 
type of rhythm, but with timing changed 12 
hours. Particularly during June, July, and 
August, daily lows centered around midday and 
highs around midnight. The pattern in June 
was the reverse of that prevailing in December 
1954, and December 1955. A specialist in tides, 
to whom this shift was mentioned, remarked 
that it should be expected each year at about the 
same time. The reverse shift began to appear in 
September. Records for the first 13 days of that 
month are wanting, but during the latter half of 
the month, a part of the general cycle that previ- 
ously had been rarely observable seemed to be 
taking over. The irregularity (for the region) of 
two highs and two lows appeared on five days. 
The October pattern showed some confusion; 
but in November and December the one low of 
most days and the lower low of each of seven days 
having two lows were generally not far from mid- 
night, the reverse of the picture for June and 
July. See Fig. 4. 

It would appear that solar influence and 
resonance factors are chiefly reflected in the local 
tidal picture. Analysis of controlling factors is 
beyond our purview. 

Monthly diurnal ranges for 1955, in fractions 
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of a foot, as reported by the USC&GS, were as 
follows: 


lg eR Rp eit ay lbp rat: Ey ge 0.74 
ks ears ere pedro 0.63 
March. . Lina eA eed tell wren ada 0.59 
| spar a baleardarbe ma elite We oe foe ed ay 0.65 
a page tk BB OP te et HR gay he Beg hy! 0.77 
Mas dasa ee ne anes ee ee ae 0.79 
July. 0.77 
hee ait IRE SR ay wR cbse icdse ene oe 0.64 
September. ... 0.59 
ie aay Be Re, Say ee eG 0.65 
area bia les aE al IE ala aay 0.76 
| i i Ay sR eed ntl ll fa) Seilie sh 0.85 


Mean monthly range for the year is given as 0.70 
feet, or 8.4 inches. Personal examination of the 
monthly sheets finds the least diurnal range 
during the year 1958 to be zero, the greatest 1.10 
feet. The lowest low for that year was 3.0 feet 
above zero on the provisional staff, the highest 
4.5 feet, a difference of 1.5 feet, notwithstanding 
variable conditions of weather. 

Local fishermen say that sea level at La Par- 
guera averages higher in summer than in winter. 
This local opinion finds some confirmation in the 
Survey’s report of sea level at the site of the gage, 
given by months for 1955. Lowest levels were in 
January, February, and March, averaging 3.44 
above an arbitrary provisional datum; level was 
highest in July, August, and September, averag- 
ing 3.83 feet, or 0.39 feet higher than in the first 
three months of the year. Sea level was highest in 
August, 3.87, lowest in January, 3.39—a differ- 
ence &: 2.48 feet, or 5.76 inches. 

To tne biologist it is of interest that change of 
level of as much as one foot in 24 hours is rarely 
to be expected, that daily progression of tides is 
much less dependable, when at all evident, than 
with ordinary Atlantic tides, that for periods of 
months (winter) low is at night and high during 
the day, while for another period (summer) low 
is expected during the day and high at night, and 
that strong tidal currents are not prevalent. 

Wind plays some part in local changes of level 
of the water. It seems remarkable that, in the 
records for 1955 and 1958 that have been fol- 
lowed through, a significant change of local sea 
level that could be attributed to wind is nowhere 
obvious. Thus the greatest diurnal range during 
the year 1958 was found to be 1.10 feet, the least, 
approaching zero. It is to be hoped that the 
peculiar pattern of tide in this region will soon 
be reported on by a specialist. 
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With conditions of tide, as roughly depicted 
here, with local absence of rivers and with low 
precipitation and run-off, as described in the 
following section, the flushing rate of bays must 
be relatively low. This is the main point of inter- 
est in relation to the present studies. 


SALINITY 


As collections of plankton were made at six ° 
regular stations throughout a period of more 
than a year, fortnightly from October 1957, to 
October 1958, and monthly from December 1958 
to March 1959, it was routine to record specific 
gravities with the use of a specific gravity bulb 
and jar with thermometer. Using Table 4 in 
USC&GS Special Publication No. 298 (1951), 
correction was made to derive density at 15°C., 
from which, by Table 5, salinity was read in 
parts per thousand. Chances for error are chiefly 
in the original reading of specific gravity and in 
the correction for temperature through Table 4. 
Spot checks by titration indicated very small 
final error. 

Primary objective was the collection of plank- 
ton for studies of copepods. Conditions at the 
time did not permit regular titration. It was 
thought, however, that in view of the special 
climatic and oceanographic conditions of the 
region, near determinations of salinity might 
prove of general interest and value. 

A word is in order as to the special conditions 
about La Parguera that contrast with conditions 
generally encountered in coastal waters of the 
Atlantic side of the continent. No rivers bring 
water from the montafia in the immediate region 
of La Parguera. U. 8S. Geological Survey maps 
indicate only small and intermittent streams from 
the hills nearby for some distance on either side 
of La Parguera; the nearest permanent stream, 
a small one, is shown as draining the former 
Laguna Guanica into Gudnica Bay, 9 miles east 
of Magueyes Island, the site of the laboratory, 
and 4 miles east of Montalva Bay. The mouth 
of Gudnica Bay is well separated from Montalva 
Bay by the broad outwardly extended Peninsula 
of Montalva. To the west, no permanent river 
enters the Caribbean. 

Rainfall near La Parguera is too small and 
irregular to support a permanent river. The 
Institute’s rain gage on Magueyes Island, in 
operation since March 1, 1958, shows total 
precipitation of 30.21 inches during the 12-month 
period from March 1958, to February 1959. As 
may be seen from Table 1, approximately half 
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TABLE 1 
Precipitation, Magueyes Islet, in inches. 
1958-59 1959-60 
March 0.06 0.38 
April 3.19 3.78 
May 3.52 3.25 
June 3.54 0.77 
July 4.60 3.36 
August 1.48 4.54 
September 6.21 1.50 
October 2.23 0.87 
November 2.72 5.89 
December 0.36 1.26 
January . 1.82 4.02 
February. 0.48 0.87 





30.49 


Total for 12 months: 30.21 


(14.85 inches) of this fell in the 4-month period 
of April to July and most (11.16 inches) of the 
remainder fell in September, October, and 
November. Precipitation in each of the months of 
March and December 1958, and February 1959 
(as well as in March 1959) was less than half an 
inch. 

Precipitation of 30 inches may not seem very 
light to one accustomed to temperate climates, 
but it is so in the tropics. Cactus and “mesquite” 
abound in the area, where the hot dry soil is 
highly absorbent and rate of evaporation is high 
(given by the U. S. Weather Bureau as some- 
thing over 80 inches per annum at the nearby 
station at Lahas). Run-off is necessarily small in 
a region where the low hills are close to the coast 
and the drainage area small. Even after an 
exceptionally heavy rain on Magueyes islet, when 
muddy surface drainage flowed out irregularly 
for distances of two to 20 feet, we found salinities 
as follows: (1) quite shallow water about 10 feet 
from shore in an enclosed fish pen, 9.8; clear 
water only three feet from shore under man- 
groves, 36.0; water below end of dock, 150 feet 
from shore, 35.9. 

From various observations it appears that 
substantial freshening of the surface water, even 
after heavy rains, extends only a short way from 
shore. Even so, the run-off must at times seriously 
affect animal and plant life in the bottom near 
the margins and on mangrove roots although it 
may have little effect on the zooplankton of the 
open water sampled. 

With conditions as described for the immediate 
region of La Parguera, it is not surprising to find 
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generally high salinities and only small differ- 
ences from place to place and from time to time. 
At other places on the coast of Puerto Rico, 
where there are substantial discharges from rivers, 
it is not unusual, after heavy rains, to see great 
areas of the surface of the sea discolored by the 
turbid river water moving in one direction or 
another with the coastal drifts. 

In the discussion that follows, figures for 
salinities represent parts per thousand. The 
symbol, %o, need not be repeated. 

1. The Reef Area of La Parguera Bay. In 28 
records (at least one for each month) for surface 
waters of a part of the reef area having a depth of 
10 fathoms or more and about a mile off Fos- 
forescente and Montalva Bays, and 26 records in 
the shallow Canal de Magueyes (a narrow 
channel separating Magueyes Islet from the 
mainland and open at both ends to the reef area), 
the highs recorded were, respectively, 36.3 and 
36.4, and the lows, respectively, 34.6 and 34.2; 
the mean in each case was 35.5. With 15 records 
made at the end of the dock on the west side of 
Magueyes (no observations made at this place 
for March, April, May, or July), the high was 
36.7, the low 34., and the mean 35.2. For 31 
additional records taken widely in boat channels 
among the reefs, the highest reading was 36.6, 
the lowest 34.6, the mean 35.7. 

Dr. Ramén Margalef (quoted by permission) 
found “between the reefs’ salinities, derived by 
titration in July and August, 1958, as follows: 


34.8-35.0 1 
35.0-35.2 5 
35.2-35.4 16 
35.4-35.6 8 
35.6-35.8 4 
35.8-36.0 1 
Number of records 35 


The range for these two months was hardly 
more than one part per thousand. Our four 
records in the same months and in the same 
general region were 35.1, 35.4, 35.3, and 35.4— 
of the same order of salinity as his. In “coastal 
waters”, Margalef found, as did we, some higher 
salinities, including two records in the class, 
37.4-37.6. 

In summary, the range of salinities, as we 
recorded them, over the shelf area near La Par- 
guera, outside of bays, was less than three parts 
per thousand (74 records). But for two unusually 
low records (34 and 34.2), made near shore after 
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heavy rains, the observed range would in no 
place have exceeded two parts per thousand. 
This may have something to do with the excep- 
tionally rich growth of corals off La Parguera. 

2. Bahia Fosforescente. In nearly enclosed and 
mangrove-surrounded bays the situation is 
modified, especially since tidal range is low and 
tidal currents, where they exist, are slow. A 
necessarily low flushing rate may be inadequate 
to compensate fully for changes in density result- 
ing from evaporation and transpiration of water 
by the densely grouped mangroves, or from 
occasional inflow of runoff from the land or seep- 
age of soil water. In the central part of Fos- 
forescente, 30 observations in the fortnightly 
series included a high of 36.7 and a low of 34.1 
with range of 2.6 and mean of 35.7. Actually, the 
difference between salinity of surface water in 
the central part of this bay and that of surface 
water of the reef area outside was less than had 
been expected. If, however, one goes deep into 
the “canals” among the mangroves, gradually 
rising salinities are found: we have recorded 38 
in the far inner ends of eastern and western 
canals, and even 38.4 near the extreme landward 
end of the middle canal, which could be affected 
by salt pans toward which the canal leads. It 
should be pointed out in this connection that all 
of the bays are actually much larger than is indi- 
cated by the boundaries of open water shown on 
a chart. The shallow waters and small pools ex- 
tending everywhere through the manglares add 
at least 100 per cent to the areas of such bays as 
Fosforescente and Monsio José; See Figs. 2 
and 3. 

3. Montalua Bay. This is much larger than 
Fosforescente, and more widely open. It is just 
east of the latter, with which it has quite insignifi- 
cant connection. Twenty-nine observations in its 
central area, made throughout the year, showed 
a high of 36.5 and a low of 33.4 (lowest of all our 
records for the stations), a range of 3.1 and a mean 
of 35.4. It is to be expected that more extensive 
coverage of the bay would reveal higher salinities 
in recesses of the manglares and lower in areas 
where Margalef found indications of substantial 
inflow of soil water. 

4. Monsio José Bay. Monsio José, about 244 
miles west of La Parguera, is also known for 
general display of luminescence at night. With its 
complex pattern of manglares, it is a little larger 
than Phosphorescent Bay. It is generally shal- 
lower and has even less direct connection with the 
outside reef area, except through the small Posa 
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de Don Eulalio, which we treat separately. 
Twenty-six records of salinities in its central area 
nearly always revealed salinities higher than at 
any other of our six stations—up to 38, with a low 
barely under 35, a range of 3.1, and the highest 
mean of any, 36.3. Presumably, the high salinity 
is related to shallowness, giving this bay a 
smaller volume of water relative to area of expo- 
sure to the atmosphere. 

Posa de Don Eulalio is the main link between 
Monsio José and the outside: In effect, it is the 
vestibule of Monsio José. Relative to its size, 
its opening to the outside is broad. Twenty-two 
records include a high of 37.1 and a low of 35.0 
with range of 2.1; the mean was the second 
highest (36.0), below only Monsio José. There 
was no extreme low, as might have been anti- 
cipated from its position, with fairly free opening 
to the reef area, and with the main bay inter- 
vening between it and the land. 

In summary, as we found it, the general range 
of salinity on the reef area was of the order of 2 
parts per thousand and about 3 parts per thou- 
sand in the more enclosed bays having low flushing 
rate to compensate for evaporation and trans- 
piration through mangroves (tending to increase 
density), and with proximity to land, affording 
occasional surface drainage and connection to 
soil water (tending to decrease density). Salinity 
of surface water of the central part of Bahia 
Fosforescente throughout the year was very 
little higher than that of water of the reef area. 
It is of interest that highest salinity at any of our 
six stations was found regularly in Monsio José 
Bay. 

It may be remarked here that drift of water 
along the southern coast, as governed by the 
wind, is generally to westward. The winds, as 
we have recorded them on our trips, have almost 
invariably been from the east or southeast, very 
light or wanting in the early morning, but 
usually becoming brisk during the late forenoon. 
A wind gage, recently installed on Magueyes, 
will, in time, give more complete data. 


TEMPERATURE 


Ranges of temperature of the surface waters 
in the several areas of collection are, of course, 
small as compared with conditions encountered 
in coastal waters in higher latitudes. Because 
temperatures are subject to change with time of 
day, as well as with season, and are affected by 
depth, volume, and transparency of the water, 
analysis of even several hundred records taken 
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irregularly as to hour have very restricted valid- 
ity. Only statements of a general nature may be 
justified. 

The highest temperature recorded for surface 
water was 32°C. (found twice only); the lowest 
was 25.5°C. (one record in Montalva Bay). The 
extreme highs mentioned (32°C.) were recorded 
in mid-afternoon, August 13, 1958, for both the 
shallow Canal de Magueyes and the Posa de don 
Eulalio, which also is relatively shallow. 

Generally the differences between high and 
low temperatures in Bays during more than a 
year of observation was under 6°C., and about 
4.5°C. in “offshore” waters (channels in the reef 
area, one-half to two miles from land). 

Seasonal differences between surface highs of 
midwinter and midsummer and of lows as well, 
were of the order of 4°C. in bays and the Canal 
and about 2.5°C. in the “offshore” waters. Air 
temperatures near the water do not, generally, 
differ from the water temperatures by more than 
a couple of degrees, although the temperature of 
the air in the boat may be three or four degrees 
higher than that of the water. 


TRANSPARENCY 


In “blue” waters (five to twelve fathoms in 
depth) of the reef area off Fosforescente and 
Montalva bays, 24 observations with the 20-cm. 
Secchi disc, made on different days throughout 
the period of more than a year, at least one each 
month, gave readings of 3.35 to 13.48 meters, 
with mean of 6.4 meters. Transparency varied 
with conditions of wind and, doubtless, with 
other conditions. 

In the central part of Bahia Fosforescente, 
where depths of 3.0 to 4.36 meters were re- 
corded, 32 observations during the same period 
gave readings of 1.75 to 3.9 meters, with mean of 
2.49 meters. In no instance in the central area 
was the dise visible to the bottom, not even in 
the one trial where depth was only three meters. 

In Montalva Bay, next eastward from Fos- 
forescente, transparency was definitely greater. 
With seven of 26 readings in the central area, the 
disc was visible on the bottom at 3.4 to 4.6 
meters; with 19 observations where depths of 
water were 3.4 to 4.7 meters, disappearance 
occurred at 2.4 to 4 meters. 

In Monsio José Bay, with depths of water 
generally noted as two and a third to nearly three 
meters, the disc was always visible on the bottom, 
although the bottom itself was rarely seen. 
Through the much clearer water of the adjoining 
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Posa de Don Eulalio, in which depths at the site 
of observation were usually 2.0 to 2.7 meters, the 
bottom, as well as the disc, was always visible. 
In the Canal de Magueyes, with depths up to 
1.7 meters, the bottom was always in view. 

The nearly-joining Fosforescente and Montalva 
Bays are more directly comparable. On 26 days 
during the period being considered, when inter- 
vals of a half-hour, more or less, intervened 
between readings in the two bays, transparency 
was greater in Montalva 23 times; only three 
times were the readings approximately the same, 
or slightly less in Montalva. 

The waters of Fosforescente are definitely less 
translucent than those of any other of our six 
regular stations, and this in spite of their rela- 
tively great protection from winds and other 
outside influences. To what extent the high 
turbidity is attributable to debris in suspension 
or to phyto- and zooplankton remains to be 
determined. So long as there is no cause in view 
for Phosphorescent Bay to accumulate more 
debris than Montalva or Monsio José, it may be 
suspected that the relative turbiditiesare attribut- 
able primarily to differences in densities or dis- 
tribution of plankton. 

Transparency affects distribution of plankton, 
while, in these waters, density and distribution of 
plankton and inorganic suspended matter mainly 
determine transparency. Accordingly, something 
should be said here about the volumes of surface 
and deep catches in the several waters compared. 

A surprising feature of the net hauls in Bahia 
Fosforescente is that daytime catches of the sur- 
face net are usually as large as, or larger than 
those of a similar net towed at a depth of six to 
ten feet, as deep as was practicable without risk 
of scraping the bottom. In both Montalva and 
Monsio José bays and in the “Offshore” waters 
(on the reef area) deep hauls were commonly 
greater. After this discrepancy was noted early 
in the study, a point was made of recording, to 
the nearest half-millimeter, the volume of each 
collection after concentration and settling for 
24 hours or more—and, it must be said, after 
removal of large medusae or fish, when taken, 
and such gross plant material as leaves of Thal- 
assia and: mangroves and clumps of Sargassum. 
Such paired catches, surface and deep, were 
taken at only four stations, to be mentioned, and 
consideration is given only to 10-minute hauls 
with the No. 10 net in middle or late forenoon 
or early or mid-afternoon. 

Average volume of all catches of plankton and 
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debris (everywhere abundant) was least in Mont- 
alva Bay (8.05 ml.), where, with 24 pairs of hauls, 
deep were greater than surface in 19 instances, 
less in only four. The average volume of deep 
hauls was 10.1, that of surface hauls, 6.1 ml. 

Average volume was highest in “Offshore” 
waters (10.55 ml.), because of the relatively high 
volume of “deep” catches (at about 41¢ to 12 
meters), nearly twice that of surface catches 
(7.2 for surface, 13.9 for deep). In 19 pairs of 
hauls, deep catches were greater than surface 
ones in 16 instances, less in only two. 

In Bahia Fosforescente, where the average 
volume of all catches was 8.75 ml. (surface, 9.22, 
deep, 8.28), deep hauls (at about the same depth 
as in Montalva) were greater in only 13 of 41 
paired catches, as contrasted with the 19 of 24 in 
Montalva and 16 of 19 Offshore. Monsio José 
was away from either extreme, with deep hauls 
greater in 14 of 24 instances, but notably less in 
only six cases. 

It should be noted, however, that the com- 
monly greater concentration of suspended matter 
at upper levels in Fosforescente is not invariable; 
and, if explanations are sought for a seemingly 
greater richness of surface waters, this must be 
kept in mind. In a little more than half of the 41 
pairs of hauls, the collections were either about 
equal (10 times) or the deeper was at least a 
little greater (13 times). Even if there were no 
volumetric differences between surface and deep 
catches in this bay, we would still need to look 
for an explanation of the special conditions of 
vertical distribution of suspended matter that 
contrast so notably with conditions in the other 
waters where, as would be expected, deeper water 
holds substantially more than upper. The few 
night catches we have for Bahia Fosforescente 
show no greater concentration of plankton at the 
surface than during the day—in contrast to what 
occurs at the dock on Magueyes. 

It is yet to be determined what proportions of 
the catches are plankton and fine debris, respec- 
tively. A surprising amount of fine debris is 
encountered everywhere, in the channels of the 
reefs as well as in the bays. A relatively “clean” 
catch of plankton is quite rare; the task of count- 
ing true plankters is exasperatingly baffling, with 
the general prevalence of entangling material, 
some of which is determinable as blue-green algae, 
some as fine filamentous fragments of mangroves 
or Thalassia, but much of which is not readily 
identifiable. During the season of burning leaves 
of sugarcane the catches of plankton nets, both 


in the bays and offshore, are conspicuously 
flecked with black scraps and particles, which the 
fishermen say are fine cinders windblown from 
the fields. If this is true, other organic material 
in substantial amount may be contributed from 
the fields by air. At any rate, the origins and 
nutritive significance of the abundant “debris” 
demands study. 

Certainly, relation exists between the obvious 
trend toward concentration of suspended mate- 
rial at higher levels and low transparency of the 
water in Bahia Fosforescente, as reflected in 
Secchi disc readings; but which, if either, is 
cause and which effect is not easily ascertained. 
So long as there is no reason to suspect a degree 
of turbulence from winds or other clearly outside 
influences, greater in this well-protected bay than 
in the other waters sampled, one looks for some 
special internal condition that could account for 
a fairly prevalent, but not regular, overturn. 
Evaporation and transpiration of mangroves 
suggests itself, yet one wonders why a similar 
condition is not manifest in Monsio José, with 
its highly translucent water and more prevalent 
concentration of suspended matter in the deeper 
water. Conditions in the remarkable Bahia 
Fosforescente remain puzzling. 


STUDIES OF THE PLANKTON 
BAH{A FOSFORESCENTE 


As previously mentioned, surface catches, 
including plankton and debris, commonly 
equalled or exceeded “deep” catches at five to 
ten feet, or about a foot and a half above the 
bottom. The average difference was, indeed, not 
great; but at the other three stations where 
paired tows were regularly made (Montalva, 
Offshore, and Monsio José), deep collections 
notably exceeded those made at the surface. 

Numerically, copepods constituted more than 
three-fourths of the total multicellular zooplank- 
ton, or 76.34%. The differences in dominance of 
copepods between surface and deep collections 
(Surface 74.3%, deep, 78.4%) seemed not signifi- 
cant. Chief multicellular zooplankters, other 
than copepods (Table 4), were univalve veligers 
8.4%, Larvacea 11.3% and bivalve veligers 
(1.4%).° These four groups account for 97.4% 
of the total multicellular zooplankton. The re- 


3 There could be more bivalve veligers than are 
indicated, since the small veligers of this group 
are not always distinguishable readily from eggs, 
which are not included in the counts. 
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TABLE 2 
Mature copepods occurring at any station in as much as one-fourth of the collections or making as 
much as 0.5% of total copepods, giving, for each station, number of colections in which found (maximum 
is 24); mean percentage to nearest 0.1; standard error of the mean; and rank in percentage; ‘‘x’’ sig- 
nifies : observed in collection, but not appearing in count.* 














Fosforescente Montalva Offshore 
No. of IMean %|_S.E. No.of |Mean %|_S.E. No. of | Mean a S.E. 
Oithona minuta............| 24 20.7 | 2.34 1 24 10.6 | 2.29 3 | 24 6.0} 1.01} 4 
Acartia tonsa........ ..| 24 | 17.2| 3.00} 2] 19 2.3 | 0.88) 6 7 0.2 | 0.86 | 12 
Paracalanus crassirostris...| 24 11.4} 2.80; 3| 24 | 21.7 | 4.45 1 24 | 27. 5 | 4.13 1 
Oithona simplez............| 21 7.7 | 2.57] 4] 24 | 12.38] 2.82) 2] 24 | 14.5|2.73| 2 
Euterpina acutifrons....... 18 0.9/| 0.28; 5; 18 2.5; 1.00; 5; 22 | 2.0} 0.49| 6 
Acartia spinata.......... 6 0.2/|0.17| 6; 21 2.7) 1.32); 4] 15 1.3 | 0.60 | 7 
Oithona nana....... 5 0.2; 0.09 | 7 18 1.9 | 0.82 | 7 13 3.0 | 0.86; 5 
Paracalanus parvus 6 0.1 | 0.13 8 16 1.1); 0.49; 8 24 | 7.8 | 2.56 3 
Acartia lilljeborgi. . . 6 0.1, 0.05; 9 9 0.2; 0.10; 10; 10 0.4 | 0.16 | 11 
Coryoasus emasoniens...... 3 10; 7 | 0.2|0.09/11| 18 | 0.8|0.17| 9 
Corycaeus americanus......| 0 7 0.1 | 0.04 12| 18 0.9/ 0.29) 8 
Temora turbinata.......... 1 10 0.3 | 0.11 9 16 0.5 | 0.11 | 10 
Centropages furcatus....... 0 x 1 | 8 0.1 | 0.05 13 














* Immature eopepods made 41. 4% of copepods for Fosforescente, 43.8% for Montalva, 34.8% for 
Offshore. 


maining 2} per cent, approximately, comprises mention; never abundant, it was a fairly regular 
coelenterates, flatworms, nemas, chaetognaths, constituent of the community (in three-fourths 
larvae of annelids, echinoderms, cirripedes, tuni- of the collections), both males and females, the 
cates and fish, isopods, zoeas and a few un- latter not infrequently with large egg sacs, 
identified larvae. Mysids and Lucifer were not besides juveniles counted under another head. 
encountered in the counts, although we have Juvenile (copepodid) calanoids, 19.4, juvenile 
found them in the bay. cyclopoids, 7.3, and nauplii, 13.6, undistinguished 
Our one 24-hour station and all other observa- as to species, appeared in every collection, surface 
tions give clear indication of differential dis- and deep, throughout the year. Juvenile har- 
tribution by depth only with respect to: (1) pacticoids, 0.8, mostly recognizable as Euterpina, 
Acartia tonsa Dana, which was regularly more were in more than half of the counts. The five 
abundant near the surface by day, but showed _ species just mentioned are the “regulars’’, which, 
more uniform distribution at night; and, possibly with immature copepods, make nearly 99% of 
(2) two species to be mentioned later, rarely seen the open water daytime copepods as sampled. 
in day collections, surface or deep, but appearing Oithona nana (Giesbrecht), Acartia spinata 
at both levels at night. Esterly, A. lilljeborgi Giesbrecht and Paracalanus 
In the 24 collections counted (monthly surface parvus (Claus) appeared each in five or six counts, 
and deep for the period of a year), 13 species Corycaeus amazonicus Dahl and an unidentified 
were found as mature copepods and representa- harpacticoid in three; but these six species, 
tives of another were encountered as juveniles. together, make less than one per cent. Encoun- 
Leading species, with figures for percentages of tered only in one count, or in more extended 
the total count of copepods (including juveniles examination of the samples, were Metis holothuria 
and nauplii), were Oithona minuta Scott, 20.7, (Edwards) and Temora turbinata (Dana) (Tables 
Acartia tonsa Dana, 17.2 and Paracalanus cras- 2 and 3). Juveniles of a cyclopoid, presumed to be 
sirostris Dahl, 11.4; these appeared in every parasitic as adult, were seen twice. 
collection (Table 2); Oithona simplex Farran, With full allowance for sampling error, the 
7.7, was recorded in 21 of the 24 collections. following generalizations seem justified: (1) 
Euterpina acutifrons (Dana), 0.85, merits special copepods, mature and immature, constituted, 
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numerically, about three-fourths of the multi- 
cellular zooplankton; (2) although 15 species 
showed in year-round daytime collections, four 
species made by far the greater part of the mature 
copepods (97% in our counts, as follows: O. mi- 
nuta, 35, A. tonsa, 29, P. crassirostris, 20, O. sim- 
plex, 13); (3) Euterpina acutifrons, although only 
about one and a half per cent of mature copepods, 
was a regular component of the open water 
plankton community; (4) the remaining species, 
eight in our counts (but see next paragraph), 
made up, together, a minute part of the com- 
munity (one and a half per cent of mature cope- 
pods in our counts); (5) juveniles and nauplii 
constitute something like 40 per cent of all 
copepods. 

It should be emphasized here that the picture 
given by these counts is quite incomplete as to 
copepods of the bay, for which reference may be 
made to a forthcoming paper by Bowman and 
Gonzélez. With a sufficient number of samples, 
almost any copepod of the region may be expected 
in the open waters as strays from the outside or 
from specialized habitats within the bay. So far, 
in addition to the 13 copepods of Tables 2 and 3, 
13 species have been noted for Fosforescente by 
one or the other of us. These are Calanopia 
americana Dahl, Centropages furcatus (Dana), 
Clausocalanus furcatus (Brady), Corycaeus ameri- 
canus M. §S. Wilson, Farranula carinata (Gies- 
brecht), Labidocera scotti Giesbrecht, Longipedia 
coronata Claus, Oithona oculata Farran, Para- 
calanus aculeatus Giesbrecht, Pseudocyclops sp., 
Pseudodiaptomus sp., Tisbe sp., Tortanus seta- 
caudatus Williams. 

Times of breeding were determined only for 
copepods that carry egg sacs or retain sper- 
matophores. Oithona minuta carrying pairs of 
sacs were common in every month of the year, 
some in surface hauls but more in the deep 
catches; presumably, the extra burden of the 
sacs makes it less easy to swim at the highest 
level. Most females of Acartia tonsa carry sper- 
matophores every month. Paracalanus and the 
other species of Acartia seem not to hold sper- 
matophores long. Oithona simplex loses its sacs so 
easily that it is difficult to isolate an egg-bearing 
female without loss of one or both sacs. Observa- 
tions for this and the other stations leads us to 
believe that this species is a perennial breeder. 
O. nana holds its sacs well; but too few of this 
species were met with for the breeding records 
of January and February, only, to be indicative 
of a short breeding season. Certainly the records 
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of the offshore station suggest that it is a peren- 
nial breeder. The small numbers of Euterpina in 
any collection make it of little significance that 
records of females with sacs are only for April. 
Combining records for the three stations, Euder- 
pina with sacs were observed for every month 
except February, March, June, and August; the 
gaps may or may not have meaning. 

The small proportions of chaetognaths, 
zoeas, and larvae of annelids, echinoderms, 
cirripedes, and tunicates (Table 4) are note- 
worthy, even after allowance is made for the 
fact that, on the basis of percentages, the domi- 
nance of copepods automatically lowers the 
standings of any other group. 

Tintinnoids and dinoflagellates, including, 
chiefly, species of Ceratium, Peridinium, and 
Pyrodinium (the last sometimes quite abundant), 
were surprisingly common in catches of the No. 
10 net, doubtless filtered out by the fine debris 
that was always present. A large Coscinodiscus, 
never absent, was generally prominent in both 


TABLE 3 


Copepods appearing in some count but at no 
station in one-fourth of the day collections or 
making as much as 0.5% of total copepods at the 
station, with numbers of collections in which 
found.t 




















| 
Fos- 

Species fore. | Ue. | 8. 
Calocalanus pavo (Dana).... | 2 
Faranula carinata (Gies- 

RR EER re EF | 5 
Labidocera scotti Giesbrecht. . = 
Longipedia coronata Claus. ... 1 
Metis holothuria (Edwards)... ztt 1 
Microsetella norvegica 

Pe us. see eee oes 1 
Oithona oculata Farran...... 2 3 
Cres «S65 AON 1 
Temora stylifera (Dana)..... | Ez: 
Harpacticoid, unidentified... 3 | 2 1 





t It is considered irrelevant, in this connection, 
that the list of less frequent species might be 
greatly extended for any station with further 
sampling. Juveniles of a cyclopoid presumed to be 
a parasitic copepod were seen in one collection 
from Fosforescente, in seven from Montalva. 
Records from night collections are not included 
here. 

tt ‘“‘x’’ signifies: Observed in collection, but not 
met with in count. 
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surface and deep collections; presumably it is a 
variety of C. gigas Ehrenb. (see Margalef, 1957, 
pp. 41 and 48). Sometimes Coscinodiscus ex- 
ceeded in numbers the copepods, or even all 
zooplankters combined, with cell diameter of 
0.2 mm., and larger, they may have rivalled 
copepods in volume. 

Table 4 suggests that the multicellular zoo- 
plankton in Fosforescente was less diversified 
than at the other stations. Three groups other 
than copepods made as much as one per cent 
each, two more as much as one-half of one per 
cent each, and an additional three as much as 
one-tenth of one per cent each. 


MONTALVA BAY 


In contrast to conditions in Bahfa Fosfores- 
cente, as previously noted, deep collections were 
much greater (65% greater) in the compara- 
tively translucent waters of Montalva. Mean 
volume of all collections seemed not significantly 
less than that of the other bay. 

Dominance of copepods, 65.4 per cent of 
multicellular zooplankters, was notable but less 
pronounced than in Fosforescente, 76.34 per 
cent. Again, percentages of copepods were not 
greatly different for surface and deep collections 
(63 for surface, 67 for deep). 

In both bays the chief zooplankters, other than 
copepods, were molluscan veligers and Larvacea, 
but in different orders: percentages for Mont- 
alva—univalves, 18.4; Larvacea, 5.9; bivalves, 
4.5 (Table 4). The four groups made 94%, leaving 
six per cent for all other groups, as contrasted 
with two per cent in Fosforescente. Larvacea, 
present in all collections, seemed more abundant 
in the latter bay. Cirripede larvae, rare in the 
other bay, constituted two per cent in Montalva; 
annelid larvae gave a distinctly higher percentage. 
Percentages of chaetognaths and echinoderm 
and tunicate larvae, although less than one each 
at both stations, were several times higher in 
Montalva. Ostracods, mysids and Lucifer ap- 
peared in counts for Montalva, but not in those 
for Fosforescente (although undoubtedly occur- 
ring there). As a whole, the zooplankton of 
Montalva had a distinctly less “monotonic” 
appearance. 

Proportions of immature copepods among all 
copepods were nearly the same in the two bays 
(Table 2, footnote). Percentages of mature 
copepods of the several species gave different 
pictures (Tables 2 and 3). Oithona minuta, first 
in Fosforescente, was third in Montalva, while 
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Paracalanus crassirostris, third in Fosforescente, 
was first in Montalva; Acartia tonsa, second in 
Fosforescente, was sixth in Montalva; O. simplex 
had moved up from fourth to second place, and 
A. spinata from sixth to fourth place. With 
respect to the three remaining species that made 
more than one per cent each in Montalva, but 
less than one in Fosforescente, there was little 
change in rank: Euterpina acutifrons was fifth, 
P. parvus eighth, and O. nana seventh in both 
places, but each with much higher percentage in 
Montalva. In the counts for Montalva, 17 species 
of mature copepods are recorded, as contrasted 
with only 13 in the other bay; the unidentified 
juvenile cyclopoid mentioned for Fosforescente, 
was also found here. 

Tables 2 and 3 give a clear picture of the greater 
spread of species in Montalva, when it is noted 
that eight species in Montalva, but only four in 
Fosforescente show percentages of as much as 
one per cent, and that, while only nine species 
are listed for as much as one-fourth of the collec- 
tions in Fosforescente, three more must be added 
for Montalva—Temora turbinata, Corycaeus 
amazonicus and C. americanus. T. turbinata 
appeared as mature copepods in nine collections 
(in only one for Fosforescente), and as juveniles 
in eight more, 17 in all; the other two were each 
found in mature state in not less than seven 
collections. The copepod fauna of Montalva 
seemed definitely more diversified than that of 
Fosforescente. 

Records of evidence of breeding should be re- 
ported, although it must be said that Montalva 
is the least favorable station for such data, for 
the reason that the speciesfor which suchevidence 
is generally most apparent, A. tonsa, O. minuta 
and O. nana, were found in comparatively small 
numbers. For a time it was thought that free 
sacs, not infrequently noted, could be assigned to 
species; this might be possible with O. nana and 
Euterpina, but sacs of these copepods are rarely 
dropped; sacs of O. minuta and O. simplex are 
not so certainly distinguishable; sacs of minula 
are generally larger than those of simplex, but 
females have been seen with sacs of only four or 
five eggs, which if unattached, could be mistaken 
for sacs of the other species. 

O. minuta with sacs were noted for June, 
September, October, and November (for every 
month in Fosforescente, where the species was 
more abundant); O. simplex with sacs were seen 
in collections for March, May, June, September, 
and October, but this species readily drops its 
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TABLE 4 
Multicellular Zooplankton recorded for 24 day collection from each station, with numbers of col- 
lections in which found, mean of percentages, and standard error, S.E. Figures for percentages given 
only if over 0.5%; a indicates: between 0.1 and 0.5%; — indicates less than 0.1%. 





Fosforescente 


Montalva Offshore 





Group 


INo. Col.|Mean %| S.E. |No.Col.|Mean%| S.E. 


No. Col.|/Mean % S.E. 
| 





Coelenterate, exclusive of medusae over 
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Cladocera (Beadme)... ...............0.. 
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sacs in the handling; records of O. nana with sacs 
are only for January and March (but more 
generally in Offshore waters, where the species is 
more abundant). With <A. tonsa, records of 
spermatophores were for February, April, and 
August (for every month in Fosforescente), with 
A. spinata, for March, April, June, October, and 
December—presumably, it, too, is a perennial 
breeder. Spermatophores on P. crassirostris were 
recorded only for December and February, but 
this copepod seems to hold spermatophores only 
briefly. Huterpina acutifrons with sacs were 
recorded for October, November, and January. 
Centropages furcatus was found only in the Novem- 
ber collection; one female carried a large egg sac. 

Lucifer with eggs in the brood pouch was noted 
in January. 


OFFSHORE (THE REEF AREA) 


As previously noted, the average volume of 38 
collections in the offshore waters, most trans- 
lucent of all, was greater than at either of the 
other stations, but this was mainly because deep 
collections were so much greater in volume. 


Copepods made 63.5% of the multicellular 
zooplankton, about the same as in Montalva, 
but notably less than in Fosforescente. Ratios of 
copepods to other zooplankters were about the 
same in surface and deep collections. As in 
Montalva, the next ranking percentages were 
those of univalves, (12.9), Larvacea (9.29) and 
bivalves (7.13). Total percentage for the four 
leading groups was nearly 93 per cent, other zoo- 
plankters accounting for a little over seven per 
cent, instead of a little under six in Montalva, 
or about two in Fosforescente. Representing at 
least two per cent each were Cirripede larvae 
(as in Montalva) and annelid larvae. 

Immature copepods constituted a smaller 
percentage (22.0) of the zooplankton here than in 
the bays (Fosforescente—32.6, Montalva—28.4) ; 
but, with the greater depth at this station, 
vertical sampling was less complete. The differ- 
ence was in nauplii, generally few, and entirely 
wanting in one collection; it could be that our 
nets did not pass through the zone of chief con- 
centration of nauplii. Nauplii were more promi- 
nent in surface than in deep hauls, but concen- 
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tration could have been below the surface 
stratum sampled. 

The number of species of mature copepods 
(21), appearing in the counts, was greater than 
for Montalva (17) or Fosforescente (13) (Tables 
2 and 3), and this in spite of the fact that, with 
the much greater depth here, we sampled a much 
smaller proportion of the total volume of water. 
Leading the list, as in Montalva, were P. crassi- 
rostris and O. simplex. Of the eight species making 
as much as one per cent in Montalva, seven were 
of the same group here; but A. tonsa, sixth in 
Montalva and second in Fosforescente, fell in the 
reef area to the very low rank of twelfth; since 
it is a positively phototropic species in warm 
waters (Conover, 1956, p. 184), and since the 
few we found at this station were, with a single 
exception, in the surface tows, deficiency in 
sampling is not suspected as explanation of its 
relative scarcity. Its distribution, as we have 
found it, accords with the comment of G. B. 
Deevey (1952, p. 85) that “A. tonsa is a littoral 
copepod which occurs primarily in somewhat 
sheltered waters and when found in the open 
ocean is always close to land.” 

P. parvus, eighth in both of the bays, was 
third offshore. O. minuta, which seems to find 
favorable conditions in the bays, was yet promi- 
nent here; being fourth in rank. O. nana, seventh 
in both Fosforescente and Montalva, was fifth 
in collections on the reef area. But rank in per- 
centages may sometimes give a very incomplete 
picture, as in this case; any copepod with per- 
centage ranking below fifth in Fosforescente was 
definitely ‘“‘rare’’, as was any copepod ranking 
below ninth offshore. More A. tonsa were counted 
offshore, where it ranked 12th, than O. nana 
in Fosforescente, where it ranked seventh. E. 
acutifrons had nearly the same rank everywhere, 
sixth offshore and fifth in the bays. 

Corycaeus americanus, C. amazonicus, T. 
turbinata and A. lilljeborgi (eighth to eleventh in 
rank), though each less than one per cent, were 
seen more frequently than in the bays. 

For this station, particularly, as various ob- 
servations indicate, the list of copepods could be 
greatly extended with increased sampling. Present 
concern, however, is not with how many copepods 
could be recorded for a station, but rather with 
what copepods are regularly to be expected in the 
open water by day. Nocturnal plankton of open 
waters may be somewhat different, but adequate 
data are not yet available. 

With respect to breeding, O. nana must be 
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presumed to be in reproduction throughout the 
year; although it was never found in large num- 
bers, egg sacs were noted for every month except 
March and July. Sacs on O. simplex were seen for 
January, April, September, and December. 
Surprisingly, there is no record of sacs on 0. 
minuta offshore, although the species was re- 
corded for every month. Corycaeus amazonicus 
with sac was found in December and with 
spermatophore in April, C. americanus with sac 
in January and May. A. spinata with spermato- 
phore was noted for May and June, P. cras- 
sirostris for May and P. parvus for April; ap- 
parently, these and A. lilljeborgi do not retain 
spermatophores long. Sacs on Euterpina were 
noted for January, April, May, September, and 
December. 

From Table 4 it is apparent that a more 
diversified zooplankton was encountered Off- 
shore. No group recorded for either bay is missing 
from the records for this station. The number of 
groups constituting as much as one-tenth of one 
per cent is 13, as compared with nine for Mont- 
alva, eight for Fosforescente. The cladoceran, 
Evadne, was found only at this station—in the 
January “deep” collection (but also in a February 
surface haul that is not in the present series). 
Radiolarians were noted here, but were not in- 
cluded in the counts. 


SUMMARY AND DISCUSSIONS 


1. In Bahfa Fosforescente, copepods consti- 
tuted a higher proportion of the multicellular 
zooplankton (76%) than in Montalva (65%) or 
Offshore (63%) (Table 4). 

2. Next to copepods, were: Larvacea, univalve 
veligers and bivalve veligers; Larvacea pre- 
dominating among these only in Fosforescente. 
The four groups, including copepods, in round 
figures: made, for Fosforescente—97%; for 
Montalva—94%; for Offshore—93% (Table 4). 

3. Other groups accounting for as much as one 
per cent are: for Fosforescente—none; for 
Montalva—cirripede and annelid larvae; for 
Offshore—cirripede and annelid larvae. Groups 
with percentages between one-half of one per cent 
and one per cent were for Fosforescente—cirri- 
pedes larvae and zoeas; for Offshore—chaeto- 
gnaths echinoderm larvae and zoeas. 

4. As regards diversity of zooplankton, other 
than copepods, Table 4, for 24 day-collections 
during 12 months, indicates: least diversity for 
Fosforescente, intermediate for Montalva, and 
greatest for Offshore. This may be as would be 
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expected, taking into consideration the relative 
openness of the three waters. In some degree, of 
course, order of diversity of other zooplankters 
could derive from the inverse order of percentage 
of copepods: with counts up to a certain number, 
a high proportion of one group reduces the chance 
of encountering others. With regard to the signifi- 
cance of the high proportion of copepods in 
Fosforescente, it may be said, on the one hand, 
that if certain copepods (or members of any 
other group) found equally favorable conditions 
of nutrition at all three stations, while some 
other plankters found at one station less favorable 
conditions for reproduction or survival, the result- 
ing reduced competition would favor multiplica- 
tion of the copepods and the attainment of higher 
rank in percentage; on the other hand, if the 
Bahia offered some condition, as of nutrition, 
that was particularly favorable to copepods, their 
consequent multiplication would intensify the 
competition faced by other groups and reduce 
their multiplication. In short, we do not know 
now whether the high percentage of copepods in 
the Bahia means that conditions are particularly 
favorable to copepods or that they are less 
favorable to other groups. In general, however, it 
may be said that Bahia Fosforescente showed 
distinctly less diversity in zooplankton, with 
notably high concentrations of two species of 
copepods. 

5. For consideration of possible seasonal cycles, 
several groupings of months were tried; the one 
giving distinct indications of seasonal changes for 
a few groups was: November, December, Janu- 
ary—here termed “winter”; February, March, 
April—“spring”; May, June, July—summer”; 
August, September, October—‘“‘fall”’. Statistical 
analyses indicated clear seasonal cycles only for 
O. simplex, higher in fall and lowest in spring, 
and, for Euterpina, appreciably higher in fall and 
winter, lowest in spring. In both cases, trends 
were fairly uniform at all three locations. With 
immature copepods there was variation in seasonal 
trend with location, but without consistent pat- 
tern. Occasional swarms of univalve veligers, 
annelid larvae and the copepod, P. parvus, 
tended to throw some confusion into the picture 
of percentages. On the whole, however, it can be 
said that, while the standing of any common 
copepod fluctuated (within narrow limits for EZ. 
acutifrons) from month to month, the prominence 
of a species in any month, (with the exceptions 
noted), could be expected to repeat itself at any 


other season—a marked contrast to conditions 
prevailing in more northern waters. 

6. Present data permit few generalizations as 
to distribution of copepods by depth. Collections 
from Montalva introduce some confusion; with 
depth of water about as in Fosforescente, but 
with greater translucency, relative illumination 
prevailed in much of the water filtered by the 
“deep” net. Except in Montalva, A. tonsa seemed 
superficial in habit (Table 5). This could be said 
also of O. nana, but the numbers of this species 
were not great. Everywhere, O. minuta and 
chaetognaths were significantly more numerous 
in surface collections. Offshore, the only station 
at which P. parvus was found in numbers, three 
times as many were counted in surface collections 
as in deep hauls. E. acutifrons and juvenile 
eyclopoids were everywhere more numerous in 
deep collections. In the relatively turbid Bahfa 
Fosforescente, juvenile calanoids occurred in 
higher proportion in the deep collections; in the 
more translucent waters of Montalva and Off- 
shore, significant differences between surface and 
deep collections were not noted for this group. 

7. Comparison of the populations of copepods 
at three stations can be made from Tables 2 and 
3. In each of the bays three species of copepods 
appeared in every collection, with the differ- 
ence that, in Montalva and Offshore, 0. simplex 
took second place, in lieu of A. tonsa, which had 
dropped to sixth place in Montalva, twelfth 
Offshore. Offshore, a fourth copepod, P. parvus, 
was always present. If we consider species that 
made as much as one-half of one per cent of all 
copepods, including immature copepods, we find 
five in Fosforescente, eight in Montalva, and 
ten Offshore, In Fosforescente, only four species 
registered one per cent or more, seven or eight in 
the other places. O. minuta and A. tonsa led in 
the more enclosed bay; P. crassirostris and O. 
simplex, which headed the list in the more open 
waters of the other stations, were also prominent 
in Fosforescente but overshadowed there by the 
first two species mentioned. O. minuta and A. 
tonsa clearly diminished in rank with the greater 
openness of the water. All other species listed in 
the table, excepting E. acutifrons and A. spinata, 
increased in prominence with openness of water. 
It should be remarked as to P. parvus that, 
wherever it occurred, it fluctuated widely in 
numbers in different collections. 

8. Seemingly perennially breeding in the gen- 
eral area are Oithona minuta, A. spinata, and 
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TABLE 5 
Differential distribution by depth for leading zooplankters, showing, for surface and deep at each 
station, number of collections in which found, mean of percentages for 12 monthly collections, Novem- 
ber 1957, to October 1958, and standard deviation of the mean (S.E.) 





Bahia Fosforescente 


Montalva Bay Offshore 











Species Depth 
No. Col.| Mean % 
Copepods vs. Other | Surface | 12 | 74.32 
Zooplankton Deep | 12 | 78.35 
Oithona minuta Surface | 12 | 22.60 
Deep | 12 | 18.79 
Acartia tonsa Surface | 12 | 23.43 
Deep 12 | 10.92 
Paracalanus crassirostris| Surface 12 | 12.20 
Deep 12 | 10.69 
O. simplex Surface 11 8.30 
Deep 11 7.21 
Euterpina acutifrons Surface 9 0.675 
Deep 9 1.03 
A. spinata Surface 3 0.10 
Deep 3 | 0.25 
O. nana Surface 3 | 0.20 
Deep 2 0.05 
P. parvus Surface 3 0.10 
Deep 3 | 0.19 
Larvacea Surface 12 | 12.92 
Deep | 12 | 9.74 
Univalve veligers Surface | 12 | 8.52 
Deep 12 8.32 
Bivalve veligers Surface 12 1.78 
Deep 9 1.08 
Chaetognaths Surface 3 | 0.25 
Deep 2 0.06 
Juvenile calanoids Surface 12 13.84 
Deep | 12 | 24.98 
Juvenile cyclopoids Surface 12 4.70 
Deep | 12 9.84 
Juvenile harpacticoids Surface 8 0.91 
Deep 6 0.71 
Nauplii, copepod Surface | 12 | 12.68 
| Deep } 12 | 15.21 


S.E. |No.Col.| Mean % | S.E. |No.Col.| Mean % | S.E. 


| 
| | | | 


| 4.55 | 12 











5.63 | 12 | 62.98 | 64.77 | 5.00 
3.81 | 12 | 67.28 | 3.57| 12 | 62.12 | 3.41 
| 2.22] 12 | 12.42 | 2.58) 12 | 6.97 | 1.16 
/2.25| 12 | 8.88 | 1.96) 12 | 5.08 | 0.83 
3.69; 8 | 2.27 |0.97| 6 | 0.31 | 0.12 
2.08; 11 | 2.33 |0.77| 1 | 0.02 | 0.02 
.48| 12 | 22.07 | 5.12) 12 | 26.99 | 4.77 
09 | 12 | 21.28 | 3.66 | 12 | 28.08 | 3.36 
91} 12 | 12.69 | 1.77| 12 | 8.02 | 1.56 
18 | 12 | 11.83 | 2.78| 12 | 20.92 | 3.47 
19| 8 | 2.08 | 0.86; 11 | 1.61 | 0.42 
34 10 | 2.86 | 1.13) 11 | 2.40 | 0.55 
05| 10 | 1.82 | 0.75; 9 | 1.18 | 0.35 
22; 11 | 3.61 | 1.71| 6 1.39 | 0.78 
13| 8 | 1.62 | 0.53) 12 | 3.15 | 0.63 
03 | 10 | 2.16 | 1.03} 12 | 2.83 | 1.04 
06) 9 | 1.28 | 0.33) 12 | 11.93 | 3.33 
17| 7 | 0.95 |0.61| 12 | 3.70 | 1.42 
95 | 12 | 6.32 | 1.73 | 12 | 11.52 | 2.99 
77| 12 | 5.56 | 1.55| 12 | 7.05 | 1.00 
75| 12 | 21.46 | 3.23] 12 | 11.97 | 2.81 
55 | 12 | 15.75 | 2.66| 12 | 13.83 | 3.03 
42| 12 | 5.09 | 1.20) 12 | 3.89 | 0.86 
36| 11 | 3.86 | 0.80) 11 | 10.38 | 2.08 
17} 9 | 0.60 | 0.21} 12 | 1.20 | 0.23 
04; 6 | 0.17 | 0.07; 8 | 0.47 | 0.16 
7| 12 | 21.02 | 3.23| 12 | 17.30 | 1.63 
30! 12 | 18.35 | 2.47| 12 | 13.70 | 1.71 
87| 12 | 5.72 |1.08/ 12 | 8.55 | 1.42 
91; 12 | 7.13 | 1.16| 12 | 10.98 | 1.87 
33/ 8 | 0.82 | 0.31] 11 | 1.34 | 0.63 
0.28; 6 | 0.95 |0.39/ 11 | 2.32 | 0.48 
3.01} 12 | 14. 3.26/ 11 | 8.68 | 1.64 
1.99 12 4.86 | 12 | 6.56 | 1.30 


| 18.48 





Euterpina acutifrons. Other species may breed 
perennially, but evidence is clear only for those 
found in substantial numbers and characterized 
by firm attachment of egg sacs or spermatophores. 
Juvenile calanoids and cyclopoids and nauplii 
were plentiful in every collection, surface and 
deep, except that nauplii, strangely, were not in 
the counts for one offshore collection. Juvenile 
harpacticoids, never plentiful, and usually those 
of Euterpina, were recorded in 14 collections 
from Fosforescente, a like number from Mont- 
alva, and in 22 Offshore collections. 

9. It is noteworthy that only the very small 


free-swimming copepods are prominent in the 
daytime open water plankton in the bays and, 
to a somewhat less degree, in the offshore waters. 
Oithona are generally small, but the smallest 
species in the region are 0. simplex (length 0.4 
mm. or a little more) and O. minuta (0.5-0.6 
mm.), and these are in the top four at all stations. 
The longer (but slender) O. nana (0.63 to 90.66 
mm.) is not infrequent, but ranked sixth or 
seventh in the bays, although it was more 
prominent offshore. The largest, O. oculata (0.7 
mm. and longer) was rare everywhere. 
Paracalanus are generally small; the smallest 
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local species, P. crassirostris (0.4—0.5 mm.), was 
one of the top four in Fosforescente, and the 
leading copepod at the other stations. The 
larger P. parvus (0.85-0.93 mm.) ranked low in 
the bays, but high offshore. The largest, P. 
aculeatus (1.04 mm.) was rare anywhere. 
Acartia, generally, are of moderate size. Our 
smallest, A. tonsa (0.7-0.9 mm.), ranked second 
in abundance in Fosforescente, lower in Mon- 
talva, but was not at all prominent offshore. Of 
copepods 1.0 to 1.25 mm. in length, A. lilljeborgi, 
Temora turbinata and Corycaeus americanus had 
low rank everywhere, while A. spinata was high 
only in Montalva. Of a higher order of size, 1.25- 
1.75 mm., Calanopia and Centropages appeared 
infrequently, and Pseudodiaptomus only at night. 
The largest copepod we have found locally, 
Labidocera scotti, 2.81-2.95 mm., was rare indeed. 

It would seem that some mechanism of 
selection for size has prevailed, especially in 
Fosforescente. What are the primary selective 
factors? Low viscosity, associated with high tem- 
perature, favors smallness in dimensions, with 
relatively high surface exposure, for organisms 
that would remain in suspension with minimum 
expenditure of energy. Particular conditions of 
predation may bring about elimination of the 
larger and more conspicuous copepods; it happens 
that the one large copepod, Pseudodiaptomus, 
that ventures into the open water does so only 
at night. Special condition of nutrition may 
favor small copepods. Acartia has different feed- 
ing habits from many of the larger calanoids 
(Conover, 1956, pp. 219 and 227), which are true 
“filter feeders”. Oithona, in general, have mouth- 
parts adapted for seizing rather than for filtering. 
Paracalanus, on the other hand, would be 
expected to be a filter feeder; its feeding habit 
should be ascertained. One would think that the 
rich phytoplankton of Fosforescente would 
make it a haven for the true filterers, which 
seems not to be the case. 

Temperature and viscosity might account for 
the better survival of small copepods at the three 
stations, but not for the differential distribution 
of A. tonsa. Conover (1956, p. 227) suggested 
that the summer dominance in Long Island 
Sound of A. tonsa (a stenothermal and positively 
phototropic species) resulted from the elimination 
of other copepods by salinity. This would hardly 
apply here, where the difference in salinity 
between Fosforescente and offshore waters is 
measurable only in parts per ten thousand: the 
average of 31 year-round observations in Bahta 
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Fosforescente waters, rich in A. tonsa, was 35.7%o, 
that of 28 year-round observations offshore, 
where A. tonsa was infrequent in the waters 
sampled, was 35.6%. 


RESUME OF INFORMATION ON 
BAHIA FosFORESCENTE 


Harvey (1952) mentions phosphorescent bays 
of Jamaica and Puerto Rico, “both surrounded 
by a growth of mangroves,” “marvelously 
beautiful,” every wave “as if it were aflame.” 
Without specific ascription to either bay, he 
illustrates in this connection the dinoflagellates, 
Ceratium sp. and Pyrodinium bahamense, “Two 
of the organisms responsible for marine lumines- 
cence” (text and Fig. 37, p. 123). His observa- 
tions with waters from Oyster Bay, Jamaica, 
confirm the conclusions of previous investi- 
gators as to the “day-night rhythm of lumines- 
cence,” display of luminescence only at night, 
even though water is kept in the dark during the 
day (p. 128). 

Margalef (1957) listed for Bahfa Fosforescente 
16 species of dinoflagellates and six of diatoms 
(p. 41). The dinoflagellate, Pyrodinium baha- 
mense, easily leads the list in order of density of 
population. Responsibility for luminescence is 
ascribed to this species (p. 47). He regards the 
genus as doubtfully distinguishable from Goni- 
aulax. Individuals of the species have a length 
of 46-48 yu, or with spines, 70-71 yw. The cell is 
globular and has radial chromatophores. 

Duran (1957) listed and illustrated 22 species 
of tintinnoids from Puerto Rico. Although 
specific stations are not mentioned, his studies 
were based on collections of Margalef from the 
region. 

Burkholder and Burkholder (1958) attributing 
luminescence in the Bahfa toa continuing bloom of 
dinoflagellates, ‘‘a group including species known 
to be dependent for growth upon exogenous 
sources of B vitamins,” investigated the content 
of By», biotin and B,, chiefly in the bottom 
sediments and matter in suspension. In the 
bottom sediments Biz was present in relative 
excess, with B, probably a limiting factor in the 
development of benthic animals. Vitamin By: 
in suspended solids, although notably less in 
July than in February, was at both times higher 
in the bay than outside, and higher than in waters 
sampled near Sapelo Island, Georgia. They con- 
clude that suspended solids and plankton in the 
bay “are relatively rich in vitamin Bi (p. 219) 
and that “synthesis of this vitamin [by bacteria] 
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probably occurs in the bay at significant physio- 
logical levels” (p. 222). 

Almodovar and Blomquist (1959) have re- 
ported on marine algae of Bahia Fosforescente, 
with supplemental information on mangroves 
and marine angiosperms. They recognize three 
zones. (A) The shores of the inlet are without 
mangroves on the western side and have only 
scattered invasions of Rhizophora on the eastern 
side; for this area they list nine species of algae 
and felt-like masses of the blue-green, Calothrizx 
crustacea. (B) The broad expanse of open water 
between the manglares and the rocky entrance 
has, generally, a bottom of soft black mud, with 
some intergrading situations leading to white 
“sandy” bottoms (mostly fragments of Hali- 
meda), supporting more or less extensive meadows 
of Thalassia and Halophila. In muddy sand, not 
far from shore are profuse growths of chloro- 
phytes (five species) and Dictyota. The bottom 
below eight feet (constituting much the greater 
part of the open area) is completely barren of 
algae. (C) The mangrove zone, with dense 
growths of Rhizophora, Avicennia and Laguncu- 
laria, bear on outermost roots and stems a pro- 
fusion of epiphytic algae, which, however, 
diminish rapidly toward the shore and soon are 
completely absent. 

Odum, Burkholder and Rivero (in press) 
reported on studies of dissolved oxygen in 
various parts of the Bahfa and of respiration 
and metabolism with the use of light and dark 
bottles in two seasons. Through the greater area 
respiration exceeded photosynthesis, implying a 
net import of organic matter from the waters of 
the manglares. ‘““The swampy mangrove margins 
on one side were observed to release colored 
organic-containing waters into the bays.” 
“Metabolism,” they report, “is relatively small 
for a bay area,” and they note “relatively lower 
productivity of the bay (as a whole) in compari- 
son to reefs and flats.” 

With respect to oxygen curves, thev say: 


Except for the station over the shallow turtle 
grass, the curves are of different shape from those 
over the reefs and flats and different from that 
in most kinds of environments. Maximum oxygen 
occurs just after sunset and minimum oxygen 
occurs just before noon. 


Chief loci of production they find to be the 
shallow water and the grass flats (Thalassia, 
mainly) of the entrance and margins of the bay. 
A suggested explanation of the delayed peaks and 
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troughs of the oxygen curves in the central area 
is that they result from advective lateral mixing 
and, therefore, reflect conditions that prevailed 
some hours earlier in the productive marginal 
areas. Two items from their summary may be 
quoted. ‘4. Seasonal changes in metabolism were 
relatively small.” “6. Brilliant luminescence in 
plankton populations does not require a large 
concurrent photosynthesis.” 

Margalef and Gonzalez, in a report presented 
at the second meeting of the Association of 
Island Marine Laboratories in Bermuda, 1958, 
suggested, interestingly, a trapping effect result- 
ing from a predominating inflow of surface water 
and outflow of deeper water made denser by 
evaporation and transpiration within the bay 
area. Trapping would lead to concentration 
within the bay of organisms that seek the better 
illuminated upper water. (Paper unpublished, 
but referred to by permission). Assuming that 
trapping has significance in affecting the compo- 
sition of the plankton community, it would seem 
that conditions favoring the survival and multi- 
plication of the entrapped plankters need also 
to be sought. In a personal communication, 
Margalef mentions that a forthcoming publica- 
tion will give “a somewhat different formulation 
of the same principle of plankton ‘trapping’ in 
bays. (See Margalef, 1960.) 

Clarke and Breslau, in a forthcoming paper 
(In press), report on photometric studies of 
luminescence in the Bahia. The results are not 
available at this writing. 


CONCLUSIONS 


Our observations suggest strongly that condi- 
tions in Bahfa Fosforescente maintain a notably 
high degree of stability throughout the year. 
Breaks caused by such rare occurrences as severe 
storms or heavy rainfall change the plankton 
picture for only very brief periods of time. 

Much of the same kinds of organisms make 
up the open water plankton community at all 
times. The number of species of copepods having 
any prominence is relatively small. Proportions 
of the several kinds vary from time to time, but 
in no cyclical fashion that has been discerned, 
with two possible exceptions. 

Some copepods, and perhaps all the leading 
kinds, are active in reproduction throughout 
the year. 

Our tentative conclusion with respect to the 
Bahia Fosforescente as a home for zooplankters 
is that conditions in that bay, as compared with 
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those of Montalva or of the reef area, are less 
favorable for most zooplankters, including several 
of the local littoral copepods. For copepods, 
conditions in all these waters throughout the 
year favor the multiplication of only very small 
species. Conditions in Fosforescente are favor- 
able, or less unfavorable, for just a few species, 
notably Oithona minuta and Acartia tonsa, which, 
therefore, assume disparate rank. 

It seems entirely reasonable that, in seeking an 
explanation of the enduring rich cultures of 
luminescent microplankters in Bahia  Fos- 
forescente, we should look, not only for features 
of the environment that promote multiplication 
of the small luminescent organisms, but also 
for conditions that may discourage the multi- 
plication of the larger predatory organisms. 


Supplemental note respecting luminescence in 
water from Bahia Fosforescente 


We have not been directly concerned with the 
microplankton or with luminescence, but, in the 
circumstances, some casual observations may be 
relevant or suggestive. 

Jars containing several liters of surface water 
taken in the daytime from Bahfa Fosforescente 
and kept near a window in the laboratory, but 
otherwise unattended, displayed luminescence 
when tapped on the side in the early evening 
(at about 8 o’clock), or later on in the night, 
during a period of five to as much as 21 days. 
This indicates for the luminescent organisins a 
fairly high degree of viability under laboratory 
conditions. With repeated tapping the flashes of 
light became dimmer and nearly ceased; but, 
after a rest period of one to three minutes, 
capacity to emit light seemed fully restored. 
This may be repeated several times. 

No luminescence was obtained from water 
filtered through No. 2 Whatman paper; but such 
water into which the used filter papers had been 
thrown gave good glows and sparkles at night 
several hours later, indicating, again, a degree 
of hardiness for the luminescent organisms. 

Luminescence has not been elicited during the 
daytime, even when jars had been kept in com- 
plete darkness for several hours; an internal clock- 
like mechanism seems involved. A jar kept in the 
dark all the time gave light on shaking at night, 
up to and including the seventh night (no flash 
or “glow” on the seventh night, but two bright 
orange-yellow sparks). The luminescent organ- 
isms survived for days without sunlight. 

Special dark-adaption of the eyes seems not 
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always to be required with jars of this capacity. 
When using small jars of about 150 ml. of water, 
dark-adaption for about 25 minutes seemed 
requisite. Late in the night, at 2 and 4:30 A.M., 
a mere touch of the jar in feeling for it in the 
dark proved adequate stimulus for luminescent 
display. 

Observers frequently remark on the bright 
sparkles seen in water dipped from the bay at 
night. Water that has been passed through two 
thicknesses of No. 20 bolting silk to remove 
larger plankters give no sparkles but only a bright 
and unrelieved glow. We had assumed the sparks 
to result from contacts of moving zooplankters 
with minute luminescent organisms. The fact 
that jars kept in the dark for several days may 
still, when shaken at night, give bright sparks, 
but only slight glows, leads to the suspicion that 
sparks and glows originate from different organ- 
isms. 

With microscopic examination of drops of 
water taken from various parts of a jar of water 
that gave luminescence at night, some little 
search was required to find occasional individuals 
of Pyrodinium, Ceratium furca, Prorocentrum, 
and one or two other dinoflagellates, suggesting 
that great density of populations of dinoflagel- 
lates is not requisite for bright luminescence. 

After exceptionally heavy rainfall of 2.47 
inches on August 19, 1959, following 0.97 inches 
on the preceding day, a routine visit to the bay 
on August 21 yielded the highest Secchi disc 
reading we have had there, 4.1 m. There were 
reports, not too dependable, of poor showing of 
luminescence in the bay on nights immediately 
following the rainfall. A reliable volunteer 
observer reported “normally” good luminescence 
on the night of the 22nd. Seemingly, recovery 
was fairly prompt. Transparency on the 21st in 
Montalva (2.7 m.) and in the reef area (5.5 m.) 
were about as usual. Surface salinity in the Bahfa 
was low for the place (34.9), the bottom salinity 
as usual (36.0). The most striking change in 
salinity was found in Monsio José, (34.2, surface 
and bottom) where, ordinarily, 36 or higher is 
expected—-salinities in parts per thousand. 

We need to know with more assurance: whether 
only one or more than one organism is responsible 
for the luminescence; what density of population 
of luminescent organisms is requisite for bright 
illumination; what are the nutritive needs of the 
organisms; and whether the day-night cycle can 
be modified by experimental changes in the 
periods of exposure to darkness and light. 
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SOME TARDIGRADES FROM THE PIEDMONT OF NORTH CAROLINA 


By Rosert P. Hiaerns 


Department of Zoology, Duke University, Durham, North Carolina 


INTRODUCTION 


In 1917 W. P. Hay reported a new tardigrade, 
Batillipes caudatus (= B. mirus Richters), from 
the coast of North Carolina; this report consti- 
tuted the first and, up to the present date, the 
only tardigrade record for the southeastern 
United States. Although tardigrades have been 
reported for fifteen other states and the District 
of Columbia, most of these reports list only a few 
specimens. Of the nearly two hundred species of 
tardigrades described, only twenty-nine have 
been found in this country. 

Tardigrades or ‘“water-bears” are relatively 
common invertebrates, regardless of the im- 
pression suggested by the sparse amount of lit- 
erature. The Tardigrada are best considered as a 
distinct phylum, although they are sometimes 
regarded as a class of the Arthropoda. 

The Tardigrada are microscopic invertebrates 
found in both terrestrial and aquatic environ- 
ments where they are normally associated with 
cryptogamic plants from which the majority ob- 
tain their nourishment. At least two species of 
water-bears feed upon other microscopic animals 
such as rotifers, perhaps other tardigrades, etc. 
All tardigrades are hygrophilous although most 
have an amazing ability to withstand desicca- 
tion; this ability probably accounts for the cos- 
mopolitan distribution of many species. The 
literature suggests that tardigrades are more com- 
monly extratropical in their distribution; this 
may be somewhat questionable since relatively 
little research has been carried out elsewhere. 

I have found mosses and leafy liverworts to 
be the most satisfactory habitat in which water- 
bears can be found. Other authors such as Curtin 
(1948, 1957) have found lichens to be the best 
material in which to find these animals. Occa- 
sionally tardigrades are found as accidental 
plankters in ponds, lakes, and rivers. Many times 
they are found associated with various species 
of fresh-water and marine algae, and certain 
European workers such as Mihelcic (1957) have 
made extensive studies on the tardigrades oc- 
curring in soil or humus. 

The primary purpose of this paper is to con- 
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tribute additional information on tardigrade dis- 
tribution and habitat. Various notations are in- 
cluded in the discussion of the local species. 


MeEtTHODS 


Samples of mosses, leafy liverworts, and lichens 
were collected near Durham, North Carolina, 
which is situated near the eastern boundary of 
the Piedmont Province of the southeastern 
United States. The cryptogams were immersed 
in a beaker containing tap-water, agitated thor- 
oughly, and then removed so that the detritus 
could be examined for the presence of tardigrades 
and their eggs. I have found that it is best to re- 
move a few milliliters of the detritus with an eye- 
dropper, place the detritus in a watch glass, and 
examine this material under 30X magnification 
of a dissecting microscope. 

Removal of the tardigrades and their eggs is 
best accomplished by the use of a small Irwin 
loop. Asphyctic tardigrades, those which have 
become turgid and fully extended, are fixed either 
by 4 per cent formalin or 70 per cent ethyl alcohol. 

Although glycerin mounts are particularly de- 
sirable, certain details of taxonomic importance 
are best shown if the specimens are mounted in 
Hoyer’s mounting medium. This medium can be 
used to mount specimens directly or after fixation; 
however, it has a certain disadvantage in that 
some specimens may be cleared more extensively 
than is desirable and the specimens may “‘disap- 
pear” after a few months or certain details of 
cuticular ornamentation may be obscured. Al- 
though internal anatomy is destroyed by Hoyer’s 
medium, the buccal apparatus remains dis- 
tinguishable. The condition of the particular 
specimen has much to do with the success of 
Hoyer’s mounts. 

Processing filamentous algae for tardigrades is 
a tedious undertaking. The most satisfactory 
method is to place small quantities of the algae 
in a watch glass with just enough water to allow 
the filaments to spread. Aquatic species of tardi- 
grades may not assume a turgid state and thus 
direct mounting in Hoyer’s medium greatly 
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facilitates the processing and identification of 
these species. 

Collecting stations for this study were limited 
to localities within Orange and Durham counties. 
Stations 1, 3, 4, and 5 were located in compart- 
ments 8, 23, 18, and 36 respectively of the 
Korstian Division between four and six miles 
west of Durham, Duke Forest, Orange County. 
Station 2 was located six miles west of Durham, 
also in Orange County. Station 6 was located 
about three miles north of Durham, Durham 
County, and station 7 was located along the south 
bank of the Eno river, about four miles north of 
Durham, also in Durham County. 


NOTES ON THE SPECIES 

Eleven species of tardigrades were collected in 
the vicinity of Durham, North Carolina. The 
class Heterotardigrada was represented by a 
single species of Echiniscus and a single species of 
Pseudechiniscus; both are in the order Echini- 
scoidea. The class Eutardigrada was represented 
by species of Macrobiotus, Hypsibius, and Milne- 
sium. 


Echiniscus gladiator Murray, 1905 (Fig. 1) 

Twenty-five specimens, 155-220u in length, 
were found in a leafy liverwort, Bazzania trilobata 
(L.) 8. F. Gray, collected 15 April 1959 at station 
7. This same sample included six specimens of 
Macrobiotus hufelandi Schultze. Echiniscus gladia- 
tor is recognized easily by its long mediodorsal 
hair (Fig. 1). The specimens were colorless with 
regular, finely granulate sculpturing on the exo- 
skeleton. The limits of the very thin plates are 
not clearly distinguishable. 

Some variation in the cuticular appendages was 
noted. In addition to the single medio-dorsal 
hair there was a single specimen with two asym- 
metrically placed lateral hairs. These additional 
hairs were much smaller than the primary hair, 
measuring about 25-304; whereas the primary 
median hair was 55y in length. 

All specimens were four-clawed; apparently 
the smaller individuals were just past the two- 
clawed stage. Three cast exoskeletons were found. 
These contained two, three, and four oval eggs, 
averaging 35u by 55u. 

This is the first record of E. gladiator for the 
United States. It has been reported previously 
from British Columbia in North America and 
otherwise is considered cosmopolitan. 
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Pseudechiniscus suillus (Ehrenberg, 1853) (Fig. 
2) 

Three specimens of P. suillus were collected. A 
single specimen, 135y in length, was found along 
with six specimens of Macrobiotus hufelandi in a 
leafy liverwort, Porella platyphylloidea (Schwein.) 
Lindb., collected 4 March 1959 at station 3. Two 
additional specimens, 130u and 148 in length, 
were found along with three unidentified Macro- 
biotus sp. in the moss, Polytrichum commune 
Hedw., collected 9 April 1959 at station 6. 

All specimens of P. suillus were colorless to 
reddish-brown. The sculpturing of the exoskele- 
ton was finely granulate and most prominent on 
the shoulder plate, the first and second segment 
plates, the pseudosegment plate, and the terminal 
plate. 

Pseudechiniscus suillus is a widely distributed 
species which in this country has been reported 
from Alaska, California, and Vermont (Mathews, 
1938). 


Hypsibius oberhaeuseri (Doyére, 1840) (Fig. 3) 

Ten specimens of H. oberhaeusert were found 
in this study. Three specimens, 325-350y in 
length, were found along with twenty-three speci- 
mens of Macrobiotus areolatus Murray, three 
specimens of Milnesium tardigradum (Schrank), 
and a single specimen of Hypsibius tuberculatus 
(Plate). These occurred in the moss, Rhytidiadel- 
phus triquetrus (Hedw.) Warnst., collected 24 
September 1958 at station 1. The collection of 
this moss in this locality constitutes a significant 
addition to the distribution of this species since 
it is more commonly found in mountainous re- 
gions. Seven other specimens of H. oberhaeuseri, 
215-320u in length, three specimens of Macro- 
biotus richtersit, and a single specimen of Miilne- 
sium tardigradum were collected from the moss, 
Thuidium delicatulum (Hedw.) Mitt., found in 
the same locality. Two specimens of H. 
oberhaeuseri, both 255y in length, were collected 
from the lichen, Cladonia subtenuis (des Abbayes) 
Evans, also collected 25 January 1959 at sta- 
tion 2. 

All specimens of H. oberhaeuserit agreed with 
the description of the species. The granulate 
sculpture contained a brown pigment. In this 
country H. oberhaeuseri has been reported pre- 
viously from California and Wisconsin (Mathews, 
1938) but is considered cosmopolitan in distribu- 
tion. 
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Fic. 1. Echiniscus gladiator Murray (dorsal view). 
Fic. 2. Pseudechiniscus suillus (Ehrenberg) (dorsal view). 
Fic. 3. Hypsibius oberhaeuseri (Doyeére) (lateral view). 
Fic. 4. Hypsibius tuberculatus (Plate) (lateral view). 
Fic. 5. Hypsibius stappersi Richters (ventral view). 
Fic. 6. Hypsibius granulifer (Thulin) (lateral view). 
Fic. 7. Milnesium tardigradum (Schrank) (lateral view). 


Hypsibius tuberculatus (Plate, 1888) (Fig. 4) 
Only one specimen of H. tuberculatus, 220y in 
length, was found; it occurred in the moss Rhyti- 
diadelphus triquetrus as cited previously. Al- 
though the exoskeleton was finely papillate as in 


H. nodosus Murray, it was otherwise in accord 
with the description of H. tuberculatus as con- 
firmed through correspondence with Prof. Dr. 
Giuseppe Ramazzotti of the Italian Institute of 
Hydrobiology. 








Although H. tuberculatus is widely distributed 
throughout Europe, it is known in this hemi- 
sphere only from British Columbia (Mathews, 
1938) and Colorado (Higgins, 1959). 


Hypsibius stappersi Richters, 1911 (Fig. 5) 

Hypsibius stappersi was represented by a single 
specimen 210y in length. It was the only tardi- 
grade present in a sample of moss, Rhodobryum 
roseum (Hedw.) Limpr., collected 11 March 
1959 at station 4. As far as I can determine, this 
species is known only from Spitsbergen and 
Barent Island, north of Norway. 


Hypsibius granulifer (Thulin, 1928) (Fig. 6) 

On this continent, Hypsibius granulifer was 
first reported from Colorado (Higgins, 1959). 
Other records are primarily European or from 
western Africa (Marcus, 1936). Nineteen speci- 
mens, 200-400u in length, were removed from a 
sample of filamentous algae (Draparnaldia sp.) 
collected from a seepage pond 20 March 1959 
at station 5. Several cast exoskeletons were 
found containing four, seven, or eight eggs which 
averaged 40u by 50u. 


Milnesium tardigradum (Schrank, 1803) (Fig. 7 

This is a very common and easily recognized 
species of tardigrade. It has been reported from 
Illinois, Washington, Wisconsin (Mathews, 
1938); District of Columbia, Maryland (Curtin, 
1948, 1957) and Colorado (Higgins, 1959). A 
single specimen, 500u in length, was found in the 
moss Thuidium delicatulum and three others, 
325-600u in length, were found in Rhytidiadel- 
phus triquetrus (see H. oberhaeuseri discussion). 


Macrobiotus hufelandi Schultze, 1833 (Fig. 8) 

Three cryptogams contained M. hufelandi 
specimens. Four individuals, 215-580y in length, 
were found in Bartramia pomiformis Hedw. 
(moss) collected 11 March 1959 at station 4; 
eight individuals, 450-650y in length, were found 
in Bryhnia novae-angliae (Sull. and Lesq.) Grout 
(moss) collected 20 March 1959 at station 5; 
five individuals, 300-420u in length, were col- 
lected 15 April 1959 from Bazzania trilobata 
(leafy liverwort) at station 7. 

Macrobiotus hufelandi is considered one of the 
most common species of tardigrade. In this 
country it has been reported from the District 
of Columbia (Marcus, 1928; Curtin, 1948), Mary- 
land (Curtin, 1957), and Colorado (Higgins, 
1959). Unfortunately, it is often necessary to ob- 
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tain the egg of this species if accurate identifica- 
tion is to be made. 


Macrobiotus harmsworthi Murray, 1907 

This species can be confused easily with M. 
hufelandi; other than the slight differences in the 
buccal apparatus, the processes of the egg (Fig. 
12) are the most suitable distinguishing character. 
Thirty specimens, 187-530u in length, were 
found in a moss, Hedwigia ciliata Hedw., col- 
lected 4 March 1959 at station 3. A single egg 
was found; its diameter (including processes) 
was 66u. The species is widely distributed. In 


this country it is known from California 
(Ramazzotti, 1956) and Colorado (Higgins, 
1959). 


Macrobiotus richtersi Murray, 1911 (Fig. 10) 

Although generally considered cosmopolitan, 
this is the first record of this species for North 
America. M. richtersi was found in three different 
mosses. On 24 September 1958 nine specimens, 
150-450u in length, were found in Cirriphillum 
boscti (Schwaegr.) Grout and five others, 280- 
500u in length, were found in Dicranum sco- 
partum Hedw.; both mosses were collected at 
station 1. Three eggs, 96-100u in diameter (in- 
cluding processes), were found (Fig. 13). Thirty- 
seven specimens were taken from Dicranum 
scoparium collected 25 January 1959 at station 
2; these measured 180-380y in length. 

In 1951, Petersen, in his superb treatment of 
the tardigrades of Greenland, mentions two 
“types” of Macrobiotus richtersi, both types con- 
forming to the limits of the species description of 
M. richtersi as interpreted by Marcus (1936). In 
my collection these same two “types” have oc- 
curred with nearly the same characteristic differ- 
ences as found by Petersen; these distinctive 
variations, however, are sufficient to separate 
the two “types” into VM. richtersi and M. areolatus 
Murray. This separation is suggested by Petersen 
in his discussion but he chose not to make the dis- 
tinction. The distinction is recognized by 
Ramazzotti (1958), whom I follow. 

M. richtersi has a very wide gullet, 18.0-24.0 
cph (eph, a designation introduced by Thulin, 
1928, for a ratio in per cent based on the length 
of the pharynx); Petersen found the gullet width 
of his M. richtersi Type 1 (= M. richtersi s.s.) 
19.7-23.8 cph. The stylets are thick, the three 


macroplacoids are of nearly equal length. The | 


terminal macroplacoid may project inward or 
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The claws of M. richtersi as well as those of M 
areolatus are the typical M. hufelandi type; 
differences in the claw of the two species are very 
slight and of little taxonomic importance. On the 
basis of the claw, Marcus (1936) considered M. 
areolatus as a member of the genus Hypsibius; 
the specimens collected by this present author 
are, as those of Petersen, distinctly Macrobiotus. 

The pharynx of M. richtersi is relatively shorter 
than that of M. areolatus; Petersen’s specimens 
showed this same condition. The specimens of 
the present study have pharyngeal ratios of 
84-97 ms (ms, meaning per thousandths of the 
body length); Petersen found pharyngeal ratios 
(“Type 1”) of 83-97 ms. The pharynx of M. 
areolatus specimens measured 100-135 mas; 
Petersen found the pharynx of his “Type 2” 
specimens 104-115 ms. 

M. richtersi has a particularly distinctive egg 
(Fig. 13). The processes are truncate (pointed in 
M. areolatus) and slightly granulate with dis- 
tinct polygonal depressions (areolations) around 
their bases. 

It is of particular interest that two specimens 
of M. richtersi were found while actively feeding 
upon bdelloid rotifers. Milnesium tardigradum is 
the only tardigrade previously reported to be 
carnivorous (Marcus, 1936). It is, of course, 
highly probable that many other species are not 
restricted to cryptogamic cell contents as a source 
of nourishment. 


Macrobiotus areolatus Murray, 1907 

M. areolatus was found in the moss Rhytidiadel- 
phus triquetrus collected 24 September 1958 at 
Station 1. Three specimens of Milnesium tardi- 
gradum, three specimens of Hypsibius oberhaeu- 
seri, and a single specimen of H. tuberculatus 
were found in this moss sample. The 23 speci- 
mens of M. areolatus measured 320-500u in 
length. Three eggs (Fig. 14) were found meas- 
uring 78-9lu in diameter (including processes). 
The same type of egg was found by Petersen in 
connection with his specimens of M. richtersi 
Type 2 (= M. areolatus). 

M. areolatus is a widely distributed species; 
in North America it has been reported from 
Canada (Murray, 1910). This constitutes the 
first report of M. areolatus for this country. 

The author is grateful for the assistance of Mr. 
Stephen H. Bishop who helped collect material. 
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SUMMARY 


Eleven tardigrades are reported from Orange 
and Durham Counties in the Piedmont of North 
Carolina. 

Two of the tardigrades, Hypsibius stappersi 
Richters and Macrobiotus richtersi Murray, con- 
stitute new records for North America. Macro- 
biotus areolatus Murray and Echiniscus gladiator 
Murray are new to the United States. 

The remaining seven tardigrades include: 
Pseudechiniscus suillus (Ehrenberg), Macrobiotus 
hufelandi Schultze, M. harmsworthi Murray, 
Hypsibius granulifer (Thulin), H. oberhaeuseri 
(Doyére), H. tuberculatus (Plate), and Milnesium 
tardigradum (Schrank). 

The taxonomic differences between M. richtersi 
and M. areolatus are discussed. These two species 
can be distinguished on the basis of structure and 
measurements of the buccal apparatus, and by 
differences in the processes of the eggs. The North 
Carolina specimens of these two species are in 
agreement with those specimens, M. richtersi 
Type 1 (= M. richtersi s.s.) and M. richtersi 
Type 2 (= M. areolatus), collected by Petersen 
(1951) from Greenland. 
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THE GENUS 


DELPHACODES FIEBER IN NORTH CAROLINA 


(HOMOPTERA: DELPHACIDAE) 


By WItiraM P. 


INTRODUCTION 


Delphacodes Fieber is the largest genus of the 
largest family (Delphacidae) of the Fulgoroidea. 


DuBosg, IE 


transition zone. 
represented by a wider area, and the lower 
austral zone by a long coastline area. Even with 


The upper austral zone is | 


It has more species represented in North Carolina such limited collecting of D elphacodes all has 
than any other fulgoroid genus known to occur taken place, species are represented in North | | 
in the state. A descriptive treatment of the Carolina that mand be found mm asees throughout | 
known species of Delphacodes in this state has the Nearctic and Subtropical pa. For this} 
never been published, but lists of species have "#502 localities where a given species has been} ! 
been published and various species have been taken outside the state are also listed below. 
treated in a general manner in numerous pub- Many records of the host plants of Delpha- 
lications. Formerly, specific identification rested codes — = the literature but a large part of ) ° 
almost entirely upon characters such as color, these are in relatively early publications, before : 
the shape of the head and cranial topography, the use of genital characters for specific determi- , 
which are often variable within the same species. 2##0ns. One should carefully consider previously | | 
For the most part generic concepts also have published host records with this in view. It must P 
been based upon these same, somewhat obscure also be kept in mind that adults of both brachyp- | | 
characters. More recently, characters afforded terous (short-winged) and macropterous (long- " 
by the male genitalia have been used to much winged) forms often may be taken from plants 5 | , 
greater advantage and with much more accuracy. “PO? which they happen to be resting but upon = 
This paper brings together the North Carolina which they do not breed. ; ; a 
species in a single taxonomic treatment, utilizes In general, species of Delphacodes inhabit 
the chrotic characters formerly used, as well as clumps of sedges and grasses growing in low, - 
the male genitalia, for the identification of marshy areas. Metcalf and Osborn (1920) > 
species and illustrates them in such a way that published rey observations on D. detecta - 
non-specialists in the group will be able to make (Van D) of the intertidal zone of the North 
specific determinations. The diagnostic specific Carolina coast. This  danaeee occurred in great 
characters included have not been illustrated as ®bundance on " tide grass (species unknown) 
completely heretofore. In addition, distribution that grew luxuriantly near the level of low tide of 
notes from all localities within the state have and where there Se See of} dir 
been included. Nine species have not been fiddler crabs. At high tide this Graas was Comm Jas 
previously recorded in North Carolina. pletely submerged for a considerable time. This > \yy 
species was not found at any point above the En 
BioLocy intertidal zone. The authors surmised from the Ka 
Workers in various groups of the fauna and_ shape of the insects, both nymphs and adults, j of 
flora in North Carolina have written on the “that they can crowd themselves into the spaces} con 
opportunities for collecting wide ranges of between the leaf-sheath and stem or into the lof t 


furrows of the leaf blades in such a manner as to” 


organisms because of its geographic location. 
hold their attachment to the plant, detachment 


Three of Merriam’s life zones are represented in 


the topography of the state. On the western from which would in all probability mean] 
boundary, the Appalachian Mountain range diaster.” D. detecta was taken in Trinidad on} iCan 
affords a sample of the Canadian zone, while Azonopus compressus P. Beauv. according tT 


Caldwell and Martorell (1951). 


directly eastward lies a narrow portion of the 
D. puella (Van D.), probably the commonest 


! Contribution from the Entomology Depart- are 
ment, North Carolina Agricultural Experiment 5P©¢ ies in the state, has been taken from num- f tl 
Station, Raleigh, North Carolina. Published with ¢Tous types of plants and locations. It was abun] 9). 
the approval of the Director of Research as Paper dant in a swampy, bank location along a stream Libu 
No. 1081 of the Journal Series. in Georgia (Spooner 1920), was confined t wa 
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grassy, moist locations in the Cranberry Lake 

Region of New York (Osborn 1922), and was 

frequent in meadow associations in Ohio (Osborn 

1939). Caldwell and Martorell (1951) list puella 

+ as occurring on bushes, trees, weeds, grasses, and 
shrubs in Puerto Rico. 

D. pellucida (F.) has been reported from 


ye Potentilla spp. in Alberta (Strickland 1953), as a 
1 with | cosmopolitan species common to grass lands 
s has | especially in more humid localities in New York 
North | (Osborn 1922), as frequent in meadow associa- 
hout tions of Ohio (Osborn 1939), and from Carex 
rr this | "0strata Stokes. and C. limosa L. growing on the 
; been | Margin of a swampy lake in Finland (Kontkanen 
4 1950). 
elpha- D. campestris (Van D.) has been taken fre- 
art of | quently on prairie grass in Alberta (Strickland 
before 1953), Agropyron spp. in Manitoba (McClure 
termi- | 1943), in low bluegrass pastures in Ohio (Osborn 
ously | 1939), and from marshes surrounding a beach 
t must | Pool in Michigan (Metcalf 1924). D. lineatipes 
achyp- (Van D.) has been taken on bushes near a boat 
(long- landing in Ohio (Osborn 1938). D. basivitta 
plants (Van D.) was collected from grass in a swamp 
t upon in Indiana (Heaton 1934). D. kilmani (Van D.) 

was noted to breed abundantly on _horsetail 
nhabit | (Zguisetum spp.) in Alberta (Strickland 1953). 
n low, D. consimilis (Van D.) was collected on Scirpus 
(1920) ™icrocarpus J. &. C. Presl. at Granite Dells, 
detecta. ATizona by Beamer (1951b). 
North 
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The literature on Delphacodes in North 
dad 03Csrolina consists mainly of several publications 
ling We which did no more than catalogue and list the 

®pecies. In “A List of Homoptera of North 
:monest Carolina” by Metcalf (1915) and in “A Catalogue 
n nulSf the Hemiptera of America” by Van Duzee 
s abUD 1917) the following species are catalogued; 
Stream iburnia puella, L. pellucida, L. kilmani, L. 
ined t onsimilis, and L. laminalis. The following 
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species (in addition to the five above) are cata- 
logued in Brimley (1938) and Metcalf (1943): 
Delphacodes alexanderi, D. basivitta, D. detecta, 
D. rotundata, D. shermani, and (D. unda) equals 
D. campestris. Brimley (1942) also lists an addi- 
tional species, Delphacodes analis. 

More detailed treatments of a North 
Carolina species are found in Metcalf (1923) in 
which are described Liburnia alexanderi, L. 
shermani, and (L. unda) equals D. campestris 
from specimens collected in North Carolina. 
In a later paper Metcalf (1949) redescribed these 
species on the basis of the male genitalia. Beamer 
(1947) had previously published a redescription 
of D. shermani based upon Kansas specimens 
but mentioning the original description from 
North Carolina specimens. Except for these few 
papers, no other published records exist for any 
species of Delphacodes from North Carolina. 


few 


MATERIALS AND METHODS 


Materials from the sources mentioned above 
in “acknowledgements,” were augmented by 
specimens which the writer collected during the 
summer of 1958 on field trips and from trap 
lights and undetermined material from the 
collection of the late Dr. Z. P. Metcalf, which is 
now in the museum of the Department of 
Entomology at North Carolina State College. 

In studying the material, the measurements, 
general structure and color are noted for a 
particular species. Then the male genitalia are 
prepared for microscopic examination and for 
the illustrations of the specific characters. In all 
the measurements, two total lengths are given. 
The first of a pair of measurements for a particu- 
lar sex is taken from the tip of the crown to the 
end of the abdomen. The second measurement is 
taken from the tip of the crown to the apex of 
the forewings in repose. 

The following method is used to study the 
genital capsule and its contents. The specimen is 
relaxed overnight in a moistening chamber; then 
the entire abdomen is removed from the specimen 
and placed in a solution of about 17 percent 
caustic potash to soak for approximately two 
hours. In heavily sclerotized specimens the time 
for clearing is slightly longer. The abdomen is 
placed in distilled water for about a minute to 
stop the caustic action; then placed on a hollow- 
ground slide in a drop of glycerine. The genital 
capsule is then removed from the abdomen and 
examined under a binocular dissecting micro- 
scope. 
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When drawings of the ventrocaudal view of 
the genital capsule are to be made, the ventro- 
cephalic corner of the pygofer is gently pushed 
into a very small amount of boric acid ointment, 
an adhesive, which has been previously smeared 
in the concavity of the slide before the glycerine 
was added. The capsule is then oriented so that 
the diaphragm of the pygofer is perpendicular 
to the plane of vision. The slide is now moved to 
a monocular compound microscope for drawing. 

The slide is moved back to the binocular 
microscope, and the capsule removed from the 
boric acid ointment. One fine needle is placed on 
the inside of the ventral margin of the pygofer 
and another on the basal plate (the sclerotized 
connection between the aedeagus and genital 
styles). A gentle push everts the aedeagus, 
genital styles and abdominal segment X. After 
the capsule is oriented and held in position by 
the boric acid ointment, the lateral view can be 
drawn under the monocular microscope. The 
genital capsule is rotated under the binocular 
microscope so that the left style presents its 
broadest aspect. The left style is drawn under a 
monocular microscope. 

After the drawings are completed, the genital 
structures are retracted into the capsule with 
the needles and it is placed within the abdomen. 
The abdomen is next placed in a small amount of 
glycerine in the bottom of a small vial which is 
then corked. The pin bearing the specimen is 
thrust diagonally through the cork so that the 
glycerine cannot come into contact with the 
cork, but will remain in the bottom of the vial. 
All drawings were made with the aid of a camera 
lucida mounted on the monocular compound 
microscope. 

All drawings from a given aspect represent 
approximately the same magnification except 
in D. dentipennis Beamer. In this species the 
magnification of the ventrocaudal view of the 
genital capsule is the same as in the other 
species, but the magnifications for the other 
aspects are two-thirds for the lateral view of the 
pygofer and aedeagus and one-third for the 
genital stvle. 

Muir and Giffard (1924) and other workers 
have applied various terms to the structure of 
the male genitalia. It has been the intent of this 
writer, however, to describe this important 
aggregate of structures with a terminology which 
would be better suited to a non-specialist in the 
group. It is felt, for example, that “lateral” and 
“‘mesal’’ margins of the genital styles would lead 
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to less confusion and more rapid determinations 
than would “outer” and “inner” margins as 
advocated by Muir and Giffard. In the lateral 
view of the pygofer, the more caudal, vertical 
margins have been called the ventrocaudal 
margins. These margins become the lateral 
margins when observed from the ventrocaudal 
view. The “shaft’’ of the aedeagus is the portion 
lying between the atrium (the entrance for the 
ejaculatory duct) and the apex. 

The specific synonymies are not complete. 
Selected references included in the catalogue of 
the family Delphacidae (Metcalf 1943) are given 
for each species after the reference to the original 
description except some instances where the 
first reference is a nomen nudum. All known 
references subsequent to Metcalf 1943 are 
listed, except in the cases of pellucida and 
propinqua for which references are far too 
numerous to be listed in this paper. In most 
cases, references subsequent to Metcalf 1943 are 
annotated, a feature which distinguishes them 
from the precatalogue references. 


SysTEMATICS 

The genus Delphacodes Fieber which contains 
some of the smallest of the fulgoroids may be 
characterized as follows. The head is fairly 
broad, usually nearly as broad as the pronotum. 
The face is narrow and elongate, usually about 
twice as long as the width at the middle where it 
is usually broadest. The lateral and median 
carinae are distinct, with the latter forked near 
the apex of the head. The crown which is little 
produced in front of the eyes is usually about as 
long as broad, with the cranial carinae usually 
distinct. The eyes are moderate in size. The 
antennae are terete, the first segment usually 
longer than broad or at least as long as broad. 

The pronotum is as long or a little longer than 
the crown with the lateral carinae not straight 
but divergingly curved and not reaching the 
posterior margin. The forewings in both macrop- 
terous and brachypterous forms are always 
broadly rounded apically. Each hind tibia 
possesses two small spines on the outside surface 
and five spines at its apex. The basal tarsomere 
and second tarsomere of the hind legs have seven 
and four spines respectively at the apex. The 
calear is cultrate and concave with very minute 
teeth on the hind margin. 

The male genitalia (Figs. 1, 2) are relatively 
simple and little modified. The genitalia consist 
of the so-called external and internal structures. 
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Fic. 1. Lateral view of male genitalia in Delphacodes. 
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Fic. 2. Ventrocaudal view of male genitalia in Delphacodes. 


The external structures are the pygofer (abdom- 
inal segment IX), segment X which is the anal 
tube, and segment XI which is the anal style. 
The pygofer is a completely fused, sclerotized 
capsule specific in shape, which houses the in- 
ternal structures. The length of the pygofer is 
designated as the greatest distance between the 
cephalic and ventrocaudal margins; the width is 
the longest distance between the dorsal and 
ventral margins. The opening of the pygofer is 
that area limited by the lateral margins, the 
ventral margin, and an imaginary line drawn 
through the anal angles of the pygofer as viewed 
from the ventrocaudal aspect. 





Segment X is a cylindrical structure located 
immediately dorsad of the anal angles of the 
pygofer. may be entirely lacking 
from this segment or one or two pairs may be 
present. Segment XI appears as a tubular struc- 
ture partly contained within segment X. 

The so-called internal genitalia are composed 
of the aedeagus and genital styles which vary 
exceedingly in form, offering many good specific 
characters. The aedeagus is usually a simple, 
flattened structure with few to many small 
teeth scattered over its surfaces. Processes and 
keels may be present or it may be without 
ornamentation. The genital styles usually extend 


Processes 
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diagonally from their bases toward the lateral 
margins of the pygofer. They may be flattened, 
simple structures or long and slender or variously 
modified. 

It is not as difficult to separate the species of 
Delphacodes as it is to recognize the relationships 
among them. In this paper the twenty-one 
species of the genus known to occur in North 
Carolina have been arranged into six groups on 
the basis of the general structure of the male 
genitalia with particular emphasis on the number 
of anal processes and the aedeagal structure. 

The largest and most heterogenous group 
contains all but two of the first eleven species. 
Of this group D. propinqua and wetmoret appear 
to be very closely related, pellucida and kilmani 
are allied, basivitta and detecta are closely allied, 
while alexanderi, puella, and dentipennis are more 
or less isolated. D. lineatipes and consimilis, 
completing the first eleven species, appear to be 
very closely related. Two groups contain four 
species each, the first group consisting of adunca 
and andromeda, which are closely related species, 
and recurvata and nigripennata which have several 
similarities. D. lutulenta and campestris comprise 
the more isolated species of the second four- 
species group while rotundata and laminalis 
are very closely related. The two species, analis 
and shermani, each form a group distinct from 
the other groups and from each other. 


Key To Species oF Delphacodes OccuRRING IN 
NortH CaROoLina 
Males 
1. Abdominal segment X with processes.... 2 
Abdominal segment X without proc- 
esses 18 


2. Abdominal segment X, in lateral view, 
with a pair of processes arising only 
from dorsecaudal angle 3 

Abdominal segment X, in lateral view, 
with a pair of processes arising from 


ventrocaudal angle 15 
3. Pygofer with dorsocaudal angles greatly 
produced (Figs. 24, 28) | 
Pygofer with dorsocaudal angles slightly 
or not produced (Fig. 48) : 5 


4. Aedeagus with teeth; apex capitate 
wetmoret Muir and Giffard 

Aedeagus without teeth; apex acute 
propinqua (Fieber) 
5. Aedeagus with large keel on left side. . 6 


Aedeagus without keel Spey 


~ 


_ 


~ 


oo 
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). Aedeagus with atrial portion simple 


lineatipes (Van Duzee) 

Aedeagus with dorsoatrial portion produced 
almost to middle of shaft 

consimilis (Van Duzee) 


. Aedeagus curved ventrad in strong arch 


(Figs. 37, 40, 43).... : na 
Aedeagus more or less straight (Figs. 47, 
49, 52, 55, 58, 61)...... . 10 


s. Genital styles, in broadest view, greatly 


narrowed at apices (Figs. 41, 44)...... 9 
Genital styles, in broadest view, truncate 
at apices (Fig. 38)... .detecta (Van Duzee) 


. Genital styles each with mesal basal angle 


produced into a spine 
basivitta (Van Duzee) 
Genital styles with mesal basal angles 


not produced _ pellucida (Fabricius) 


. Segment X very large, pygofer with 


dorsocaudal angles slightly produced 
(Figs. 46, 48)..... ; ee 
Segment X small to medium, pygofer 
with dorsocaudal angles not produced 
(Figs. 51, 54, 57, 60) oe 
Pygofer with ventrocaudal margins 
having large teeth. . . . .dentipennis Beamer 
Pygofer with ventrocaudal margins 


entire... alexanderi (Metcalf) 
Aedeagus with small teeth on lateral 

ern Pe coun ee 
Aedeagus without teeth on lateral 

surfaces... .. jon OF 


3. Genital styles, in broadest view, narrow 


at apices (Fig. 53)... .kilmani (Van Duzee) 
Genital styles, in broadest view, broad 
at apices, lateral and mesal apical an- 
gles much produced (Fig. 56) 
puella (Van Duzee) 
Aedeagus with two dorsal processes 
analis (Crawford) 
Aedeagus without processes; with a short 
row of teeth on dorsal margin 
shermani (Metcalf) 
Ventral pair of processes of segment 
X extending dorsad....... rer 
Ventral pair of processes of segment X 
extending ventrad. . . nigripennata Beamer 
Dorsal pair of processes of segment X 
large, robust (Figs. 69,72)....... Sr 
Dorsal pair of processes of segment X 
small, almost obscure (Fig. 67) 
recurvata Beamer 





ere 


PR at 


SAE 


i 
a 
; 





1960) 


— 


7. Dorsal pair of processes of segment X 
capitate at apices 
andromeda (Van Duzee) 
Dorsal pair of processes of segment X 
acute at apices . .adunca Beamer 
18. Aedeagus with two dorsal processes 
laminalis (Van Duzee) 


Aedeagus without processes, with or 
et ao 19 
19. Aedeagus with teeth... .... 20 


Aedeagus without teeth 
lutulenta (Van Duzee) 
20. Aedeagus, in lateral view, very broad at 
atrium (Fig. 82) 
campestris (Van Duzee) 
Aedeagal shaft, in lateral view, of nearly 
uniform width for entire length 
(Fig. 86)..... rotundata (Crawford) 


1. Delphacodes wetmorei Muir and Giffard. 


Figs. 8, 24, 25, 26 


Megamelus_ terminalis, Crawford [nec Van 
Duzee], Proc. U.S. Nat. Mus. 46: 623. 1914 
{Misdetermination]. 

Delphacodes wetmorei Muir and Giffard, Bull. 
Hawaiian Sugar Pl. Assoc. Div. Ent. 15: 
30. 1924. 


Delphacodes wetmorei, Beamer, Jour. Kansas 
Ent. Soc. 18: 100. 1945 [Comp. note]. 
Delphacodes wetmorei, Beamer, Jour. Kansas 


Ent. Soc. 20: 66. 1947 [Comp. note]. 

Resembling Delphacodes propinqua (Fieber) 
but anal angles large, produced into large, flat, 
triangular processes. 
BracHyPTEROUS Form: Length of male: 2.1 
mm., 2.1 mm.; length of female: 2.2 mm., 1.8 mm. 
Color: General color light yellow to yellowish 
brown but male with abdomen black; 
brown between carinae, carinae sometimes only 
brown margined; tip of first and base of second 
antennal segments brown. Structure: First 
antennal segment about twice as long as wide; 
frons slightly less than three times as long as 
wide, narrow on basal third, constant in width on 
apical two-thirds, carinae well developed; crown 
longer than width between eyes, carinae well 
developed; pronotal carinae straight on anterior 
two-thirds, curving behind eyes on _ posterior 
third; forewings three times as long as wide, 
veins raised. 

MALE GENITALIA, lateral view: Pygofer slightly 
wider than long, dorsocaudal corner greatly 
produced caudad into a somewhat bifurcate 


face 
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process; segment X elongate, much produced 
above pygofer, processes long, slender, extending 
ventrad to form guide for aedeagus; aedeagus 
long, sides nearly parallel on basal three-fourths 
of length of shaft, apex globular, with short 
teeth in anterior region of globular portion, 
orifice located slightly dorsad of apex; genital 


styles long, arising immediately ventrad of 
dorsocaudal corners of pygofer. Ventrocaudal 
view: pygofer with opening wider than long, 
margins entire, anal angles developed caudad 
on each side of segment X into large, flat, 
triangular processes; segment X small, produced 
above pygofer; dorsal margin of diaphragm 
deeply concave, developed in middle into bifur- 
cate armature which is produced dorsad; genital 
styles broad at bases, extending dorsad almost 
parallel, apices truncate, indented near middle, 
lateral apical angles slightly more produced than 
mesal apical angles which are slightly produced. 

In broadest view, styles much the same as in 

ventrocaudal view. 

Macroprerous Form: Length of male: 2.1 mm., 

2.8 mm.; length of female: 2.3 mm., 3.5 mm. 

Similar to brachypterous forms but forewings 

about one and one-third times as long as ab- 

domen. 

This is a new record for North Carolina. Four 
specimens have been seen which were taken in 
Raleigh by P. W. Oman in October 1938. Other 
North Carolina specimens were collected by 
the author in trap lights at Clayton in July 1958. 
Specimens from Georgia have also been seen. 
This species is also recorded from Florida, 
Alabama, Mexico, and Nicaragua. 

2. Delphacodes propinqua (Fieber) 

Figs. 9, 27, 28, 29 

Deiphax propingua Fieber, Verh. Zool. Bot. 
Ges. Wien 16: 525. 1866. 

Liburnia terminalis Van Duzee, Bull. Buffalo 
Soc. Nat. Sci. 8: 49. 1907. 

Delphacodes propinqua, Muir and Giffard, Bull. 
Hawaiian Sugar Pl. Assoc. Div. Ent. 15: 
31. 1924. 

Delphacodes propinqua, Esaki and Ishihara, Pub. 
Kyushu Imp. Univ. Ent. Lab. 14: 32. 
1943 [Cat.]. 

Delphacodes propinqua, |Miwa], [Formosa Agri. 
Soc. Pub.] 16: 77. 1943 [Economics]. 

Delphacodes propinqua, Fennah, Proc. U. S. 
Nat. Mus. 95: 433. 1945 [Notes]. 

Delphacodes propinqua, Wolcott, Jour. Agr. 
Univ. Puerto Rico 31: 222. 1947 [Notes]. 
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Figs. 3-7. Ventrocaudal views of male genitalia. Fig. 3. Delphacodes dentipennis. Fig. 4. D. alexanderi. 
Fig. 5. D. laminalis. Fig. 6. D. kilmani. Fig. 7. D. pellucida. 
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Delphacodes propinqua, Ishihara, Sci. Rept. Jour. Agr. Univ. Puerto Rico 34: 183. : 
Matsuyama Agr. Coll. 2: 52. 1949 [Food 1951 |Des., illus., ecology, cat.]. ¢ 
plants]. Delphacodes propinqua, Martorell and Adsuar, 


Deiphacodes propinqua, Caldwell and Martorell, Jour. Econ. Ent. 45: 866. 1952 [Ecology]. 
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Delphacodes propinqua, Box, List Sugar-Cane 
Insects 1953: 38. 1953 [Food plants]. 
[Calligypona) propingua, Diabola, Prace Ceska- 
slovenské Akad. Ved. (Sekce Biol.) 1964: 
64. 1954 [Ecology]: 122. [Notes, illus., cat.]. 

Resembling Delphacodes wetmorei Muir and 

Giffard but anal angles curved ventrad and 
mesad. 
BracHYPTEROUS Form: Length of male: 2.1 mm., 
2.1 mm.; length of female: 2.2 mm., 1.8 mm. 
Color and structure, except in male genitalia, 
same as for brachypterous form of D. wetmorei. 

MALE GENITALIA, lateral view: pygofer about 

as long as greatest width, dorsocaudal portion 
greatly produced caudad; processes of segment 
X extending ventrad, broad at bases, acute at 
apices; aedeagus more or less straight, gradually 
narrowing from a moderately broad atrium to 
acute apex, orifice oval, located near dorsal 
margin of apex, with two small teeth located 
immediately anterior to orifice, aedeagal brace 
extending caudad beyond ventrocaudal margins 
of pygofer, genital styles extending caudad at 
basal third of pygofer, bending dorsad and 
terminating in truncate apices. Ventrocaudal 
view: pygofer with opening wider than long; anal 
angles curved ventrad and mesad; segment X 
small, only slightly produced above pygofer, 
processes long and slender, gradually curving 
laterad, bases approximate; dorsal margin of 
diaphragm deeply concave, developed in middle 
into a short liplike armature; genital styles large, 
nearly reaching anal angles, sides nearly parallel, 
mesal apical angles slightly more produced than 
lateral apical angles, apices truncate, slightly 
sinuate. In broadest view, genital styles same as 
in ventrocaudal view but each slightly constricted 
at middle third of length, mesal basal angles 
slightly produced. 
Macropterous Form: Length of male: 2.1 mm., 
2.8 mm.; length of female: 2.3 mm., 3.5 mm. 
Similar to brachypterous forms but forewings 
about one and one-third times as long as ab- 
domen. 

This species has been taken from Southport 
and New Hanover County, North Carolina. This 
is a new record for the state. A common species, 
D. propinqua is known from almost all large 
land areas of the world. 

3. Delphacodes lineatipes (Van Duzee) 


Figs. 23, 30, 31, 32 


Liburnia lineatipes Van Duzee, Bull. Buffalo 
Soc. Nat. Sci. 5: 191. 1894. 
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Delphacodes lineatipes, Muir and Giffard, Bull. 
Hawaiian Sugar Pl. Assoc. Div. Ent. 15: 
21. 1924. 

| Delphacodes) lineatipes, Moore, Canadian Ent. 
76: 44. 1944 [Listed]. 

Delphacodes lineatipes, Oman, Iowa State Coll. 
Jour. Sci. 21: 213. 1947 [Listed]. 

Delphacodes lineatipes, Beamer, Jour. Kansas 
Ent. Soc. 21: 115. 1948 [Comp. note]. 

Delphacodes lineatipes, Moore, Contr. Inst. 
Biol. Univ. Montreal 26: 31. 1950 [Listed]. 

Delphacodes lineatipes, Moore, Nat. Canadien 
77: 256. 1950 [Listed]. 

Resembling Delphacodes basivitta (Van Duzee) 
but face conspicuously rounded and mesal basal 
angles of genital styles only slightly produced 
instead of produced into spines. 
BracuyPrerous Form: Length of male: 2.0 mm., 
1.6 mm.; length of female: 2.6 mm., 1.5 mm. 
Color: General color deep brown to fuscous in 
male, legs generally stramineous with irregular 
brown stripes; second antennal segment pale 
brown. Females entirely pale, brownish-yellow 
to fulvous on abdomen; facial carinae margined 
with brown, legs marked as in males. Structure: 
First antennal segment as wide as long; face 
conspicuously rounded on sides, width three- 
fourths length, carinae well developed, median 
carina forked precisely on vertex; crown square, 
distal portion slightly wider, carinae well devel- 
oped; pronotal carinae straight on anterior 
three-fourths their lengths then bent laterad on 
posterior fourth; forewings with width three- 
fourths length. 

MALE GENITALIA, lateral view: pygofer as wide 
as long, ventrocephalic corner broadly produced, 
ventrocaudal margin straight, segment X large, 
processes small, acute; aedeagus somewhat 
flattened laterally, with keel on left side produced 
dorsad, margined with teeth, teeth on shaft 
slightly larger, orifice large, long, located on 
ventral margin; genital styles arising from 
pygofer below middle of ventrocaudal margin, 
broad at bases, rapidly narrowing to acute apices 
which bend dorsad. Ventrocaudal view: pygofer 
with opening wider than long, ventral edge 
deeply emarginate, anal angles rounded, not 
produced; segment X large, processes varying in 
size, but generally small, like knobs, far apart, 
apices acute; diaphragm long, dorsal margin 
concave, middle produced into small lip; genital 
styles nearly reaching diaphragm margin, sub- 
lanceolate, apices acute. In broadest view, styles 
same as in ventrocaudal view but mesal basal 
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angles slightly produced, lateral margins evenly Male and female similar to respective brachyp- 
sinuate. terous forms but forewings of both sexes about 
Macroprerous Form: Length of male: 2.1 mm., one-half longer than abdomen. 

3.2 mm.; length of female: 2.5 mm., 3.4 mm. Specimens have been seen in the U. 8. National 
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Figs. 8-15. Ventrocaudal views of male genitalia. Fig. 8. Delphacodes wetmoret. Fig. 9. D. propinqua. 
Fig. 10. D. analis. Fig. 11. D. recurvata. Fig. 12. D. shermani. Fig. 13. D. consimilis. Fig. 14. D. puella. 
Fig. 15. D. nigripennata. 
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Museum collection which were taken in Raleigh. 
This is a new record for the state. Besides these 
specimens, others have been seen from New York, 
Pennsylvania, Washington, Ohio, Arizona, and 
California. This species is also recorded from 
Quebec, Ontario, New Hampshire, and Massa- 
chusetts. 
4. Delphacodes consimilis (Van Duzee) 


Figs. 13, 33, 34, 35 


Delphax consimilis Popenoe, Trans. Kansas 
Acad. Sci. 9: 63. 1885 [nomen nudum]. 
Liburnia consimilis Gillette and Baker, Bull. 
Colorado Agr. Exp. Sta. $1: 69. 1895 
[nomen nudum]. 

Liburnia consimilis Van Duzee, Bull. Buffalo 
Soc. Nat. Sci. 5: 249. 1897. 

Delphacodes consimilis, Muir and Giffard, Bull. 
Hawaiian Sugar Pl. Assoc. Div. Ent. 15: 
21. 1924. 

Delphacodes consimilis, Oman, Iowa State Coll. 
Jour. Sci. 21: 211. 1947 [Cat.]. 

Delphacodes consimilis, Hayward, Ecol. Mon. 
18: 503. 1948 [Ecology]. 

Delphacodes consimilis, Beamer, Jour. Kansas 
Ent. Soc. 24: 55. 1951 [Notes, food plants]. 

Resembling Delphacodes pellucida (F.) but 

processes of segment X short and stout instead 
of long and slender. 
BraACHYPTEROUS Form: Length of male: 2.4 
mm., 2.4 mm.; length of female: 2.7 mm., 3.1 mm. 
Color: Similar to D. pellucida but general color 
lighter, tip of clavus black. Structure: Similar to 
D. pellucida but carinae well developed, crown 
longer than wide. 

MALE GENITALIA, lateral view: pygofer more or 
less oval; segment X large and well produced 
above pygofer, caudal margin developed into 
two small, stout processes which curve ventrad; 
aedeagus subcylindrical with a large dorsoatrial 
portion produced almost to middle of shaft; 
left side with a large, dorsally curved keel 
extending from apex to middle, keel with teeth 
along its edge, orifice located on ventral margin 
of apical third; genital styles appearing as long 
shafts, almost reaching middle of ventrocaudal 
margin. Ventrocaudal view: pygofer with opening 
small, much wider than long, anal angles slightly 
produced and rounded, ventral margin deeply 
emarginate in middle; segment X well produced 
above pygofer, processes located far apart on 
caudal margin of segment X; diaphragm large, 
dorsal margin extending gradually ventrad to 
median portion which is deeply concave and 
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developed into a U-shaped armature which is 
produced caudad; genital styles wide at bases, 
gradually narrowing on two-thirds their length, 
then more strongly tapering to acute apices. In 
broadest view, styles rapidly narrowing toward 
apices from broad basal half, mesal basal angles 
slightly produced. 

Macroprerous Form: Length of male: 2.2 mm., 
4.0 mm.; length of female: 2.6 mm., 4.1 mm. 
Macropterous males like brachypterous males 
but color much darker brown, forewings almost 
twice length of abdomen; macropterous females 
like brachypterous females but forewings about 
two-thirds longer than abdomen. 

This species has been taken in Hendersonville, 
North Carolina. Other specimens have been seen 
from Washington, Oregon, and California. It 
is also recorded from Washington, D. C., Kansas, 
South Dakota, Colorado, Utah, Nevada, Arizona, 
and British Columbia. 

5. Delphacodes detecta (Van Duzee) 


Figs. 22, 36, 37, 38 


Liburnia detecta Van Duzee, Bull. Buffalo Soc. 
Nat. Sci. 5: 248. 1897. 

Liburnia circumcincta Van Duzee, Bull. Buffalo 
Soc. Nat. Sci. 9: 203. 1909. 

Delphacodes detecta, Muir and Giffard, Bull. 
Hawaiian Sugar Pl. Assoc. Div. Ent. 15: 
26. 1924. 

Delphacodes detecta, Oman, Iowa State Coll. 
Jour. Sci. 21: 211. 1947 [Cat.]. 

Liburnia detecta, Metcalf, Jour. Elisha Mitchell 
Sci. Soc. 65: 56. 1949 [Comp. note]. 

Delphacodes detecta, Beamer, Jour. Kansas Ent. 
Soc. 28: 68. 1950 [Des., illus., cat.). 

Delphacodes vanduzeei, Moore, Contr. Inst. 
Biol. Univ. Montreal 26: 32. 1950 [Listed]. 

Delphacodes vanduzeei, Moore, Nat. Canadien 
77: 257. 1950 [Listed]. 

Delphacodes detecta, Wolcott, Jour. Agr. Univ. 
Puerto Rico 32: 144. 1950 [Listed]. 

Delphacodes detecta, Caldwell and Martorell, 
Jour. Agr. Univ. Puerto Rico 34: 178. 1951 
[Des., illus., ecology, cat.]. 

BRACHYPTEROUS Form: Length of male: 2.2 mm., 

1.7 mm.; length of female: 2.8 mm., 1.7 mm. 

Color: General color stramineous, some coastal 

specimens soiled whitish; face between carinae 

and median fovea of crown brown to black, 

sometimes carinae only brown margined; in 

male dorsum of first four abdominal segments 

dark; in female entire dorsum of abdominal 

segments black or only dark spotted in some 
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coastal specimens; male genital capsule dark 
brown except on third of dorsum. 
Structure: First antennal segment about as long 
as wide; face about twice as long as greatest 


median 


width, distinctly narrowed on basal third, very 
slightly so at apex, strongly tricarinate; crown 
much longer than wide, extending well in front 
pronotal carinae near and parallel to 
posterior margin of forewings slightly 
longer than wide, apices broadly rounded, veins 


of eyes; 


eyes; 


raised. 

MALE GENITALIA, lateral view: pygofer more or 
rectangular, about a third wider than 
greatest length, ventrocaudal margin convex; 
segment X medium in size, long, 
slender, about five times as long as their greatest 
width; aedeagus atrium, ventral 
margin strongly converging beyond atrium to 
about one-third basal width, then curving ventrad 
in an arch to blunt aedeagal apex, lateral margins 
of apical half with numerous small teeth; genital 
styles spatulate, sides more or less parallel. 


less 
processes 


widest at 


Ventrocaudal view: pygofer with opening about 
twice as wide as long, anal angles stout, produced, 
ventral emargination shallow; ; 
segment X long, slender, curving laterad; dorsal 


processes ol 


margin of diaphragm concave, middle produced 
into a lip which extends almost to base of genital 
styles; genital styles large, each divergent almost 
at a right angle to the other, mesal margins 
somewhat more convex than lateral. In broadest 
view, styles with sides more or less parallel, 
mesal basal angles slightly produced, lateral 
apical angles broadly produced and rounded, 
mesal apical angles acutely produced. 
Macroprerous Form: Length of male: 2.3 mm., 
3.6 mm.; length of female: 3.0 mm., 4.3 mm. 
Similar to brachypterous forms but forewings 
much longer than abdomen; color varying as in 
brachypterous forms. 

Specimens of this species have been taken at 
Fort Fisher, Carolina Beach, and Wrightsville 
Beach, N. C. Other specimens have been seen 
from Connecticut, Maryland, Louisiana, and 
Florida. The species also has been recorded from 
Quebec, Massachusetts, New York, New Jersey, 
Virginia, Georgia, Bermuda, Puerto Rico, St. 
Thomas Island, and Vieques Island. 

6. Delphacodes basivitta (Van Duzee) 


Figs. 18, 39, 40, 41 


Liburnia basivitta Van Duzee, Bull. Buffalo Soc. 
Nat. Sei. 9: 202. 1909. 
Delphacodes basivitta, Muir and Giffard, Bull. 
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Hawaiian Sugar Pl. Assoe. Div. Ent. 15: 
27. 1924. 
| Delphacodes| basivitta, Moore, Canadian Ent. 
76: 1944. [Listed]. 
Delphacodes basivitta, Moore, Contr. Inst. Biol. 
Univ. Montreal 26: 31. 1950 [Listed]. 
Delphacodes basivitta, Moore, Nat. Canadien 
77: 256. 1950 [Listed]. 
D\elphacodes| basivitta, Beamer, Jour. Kansas 
Ent. Soc. 24: 12. 1951 [Comp. note]. 
Resembling Delphacodes lineatipes (Van D.) 
but genital styles with basal spines; aedeagus 
without ventral keel. 
BracHyPTeROuS Form: Length of male: 2.0 mm., 
1.7 mm.; length of female; 2.0 mm., 1.7 mm. 
Color: General color fuscous brown to black, face 
and scutellum darker; second antennal segment 
pale; frontal carinae narrowly pale. Female 
usually lighter throughout. Structure: Face twice 
as long as broad, widest near middle, distinctly 
tricarinate; crown about square, carinae distinct 
and moderately carinae 
curving behind eyes, ending much before posterior 
margin; forewings about twice as long as broad. 
MALE GENITALIA, lateral view: pygofer wider 
than long, dorsal margin shorter than ventral, 
ventrocaudal margin slightly concave; segment 
X large, with large, strong, acute processes; 
aedeagus flattened ventrally beyond atrium into 
a circular disc, apical half narrow and curved 
ventrad, more or less bulbous at apex, with a 
row of strong teeth extending from apex dorsad 
along apical half; genital styles broad on ventral 
two-thirds, narrow on dorsal third. Ventrocaudal 
view: pygofer with opening slightly wider than 
long, lateral margins slightly emarginate, ventral 
emargination shallow; segment X well produced 
above pygofer, giving rise to a pair of strong, 
slender processes, each process possessing one 


developed; pronotal 


tooth on mesal margin near its middle; dorsal 
margin of diaphragm very slightly concave, 
produced in middle into simple oval armature; 
genital blunt 
apices, mesal basal angles each produced into a 
strong, straight spine, lateral and mesal margins 
of styles gently bisinuate. In broadest view, 
styles essentially same as in ventrocaudal view. 

Macroprerous Form: Length of male: 2.0 mm., 
3.1 mm.; length of female: 2.0 mm., 2.8 mm. 
Male and female similar to respective brachyp- 
terous forms but forewings much longer than 
abdomen, transparent with narrow brown veins; 


styles narrowing gradually to 


all head and thoracic carinae well developed, 
color darker. 
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Figs. 16-23. Ventrocaudal views of male genitalia. Fig. 16. Delpha 
Fig. 18. D. basivitta. Fig. 19. D. andromeda. Fig. 20. D. lutulenta. Fig. 


codes campestris. Fig. 17. D. adunca. 
21. D. rotundata. Fig. 22. D. detecta. 


Fig. 23. D. lineatipes. 


Other specimens have been seen from New 
Hampshire, Massachusetts, Connecticut, New 
York, Pennsylvania, Illinois, Indiana, Virginia, 
Tennessee, Georgia, Florida, and Texas. The 


This species is probably the second most 
prevalent in North Carolina. It has been taken 
at Carolina Beach, Swannanoa, Clayton, Cruso, 
Harnett County, Raleigh, and Hendersonville. 
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species has also been recorded from Quebec, 
Ontario, Manitoba, Alberta, New Jersey, Wash- 
ington, D. C., Michigan, Ohio, fowa, Minnesota, 
Alabama, Mississippi, Missouri, Louisiana, 
Kansas, Nebraska, Colorado, Arizona, Nevada, 
and California. 

7. Delphacodes pellucida (Fabricius) 


Figs. 7, 42, 43, 44 


Fulgora pellucida Fabricius, Entomologia Syst. 
4: 7. 1794. 

Delphacodes pellucida, Muir and Giffard, Bull. 
Hawaiian Sugar Pl. Assoc. Div. Ent. 15: 
20. 1924. 

Resembling Delphacodes consimilis (Van D.) 

and D. puella (Van D.) but genital styles long 
and slender and aedeagus curved ventrad in 
strong arch. 
BracuyPTerous Form: Length of male: 2.1 mm., 
2.2 mm.; length of female: 2.1 mm., 2.2 mm. 
Color: General color stramineous; frontal carinae 
broadly pale; abdomen except pale dorsum of 
first three segments fuscous; ventrocaudal 
corners of pygofer white. Structure: First antennal 
segment longer than wide; face more or less 
rectangular, about twice as long as wide, slightly 
wider near basal third; facial carinae moderately 
developed; crown about square, carinae moder- 
ately to slightly developed; pronotal carinae 
curving behind eyes, ending much before posterior 
margin; forewings more or less rectangular, twice 
as long as wide, veins not elevated. 

MALE GENITALIA, lateral view: pygofer about as 
long as wide, ventrocephalic corner slightly 
produced cephalad; segment X produced above 
pygofer, with a pair of large, strong processes 
extending caudad for half their length then 
curving sharply ventrad to acute apices; aedeagus 
wide on basal two-thirds its length then curving 
sharply ventrad, caudal margin of apical third 
with comb of small teeth, anterior margin of 
apical third with row of small teeth extending 
dorsad and following curve of aedeagus, orifice 
large, located on apex, forming a long, narrow 
cleft; genital styles simple, pediform structures 
arising near ventral third of ventrocaudal 
margin. Ventrocaudal view: pygofer with opening 
about three-fourths as long as wide, margins 
entire except ventral margin which is roundly 
emarginate; segment X medium in size with two 
well developed, laterally flattened processes 
curving laterad near apex, bases approximate; 
dorsal margin of diaphragm deeply concave, 
without armature; genital styles strongly diverg- 
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ing, slightly flattened, widest at bases, sides 
gradually narrowing to apices, lateral and mesal 
margins sinuate. In broadest view, styles about 
same as in ventrocaudal view. 

Macropterovus Form: Length of male: 2.4 mm., 
4.1 mm.; length of female: 2.4 mm., 3.6 mm. 
Male similar to brachypterous male but forewings 
almost twice as long as abdomen, color darker 
except pronotum which varies from pale to white. 
Female similar to brachypterous female but 
forewings about one and one-half times as long 
as abdomen; color generally darker. 

This species is recorded in North Carolina only 
from Raleigh. It is a species native to the Euro- 
pean area and occurs largely in the northern 
part of the Neartic region. Specimens have been 
seen from Alaska, Alberta, Maine, New Hamp- 
shire, Massachusetts, Connecticut, and Illinois. 
There are also published records from New 
York, New Jersey, Pennsylvania, Ohio, Michigan, 
Wisconsin, Washington, Wyoming, Nevada, and 
Colorado. 

8. Delphacodes dentipennis Beamer 


Figs. 3, 45, 46, 47 


Delphacodes dentipennis Beamer, Jour. Kansas 
Ent. Soc. 21: 103. 1948. 

Beamer (1948b) described the brachypterous 
form of this species from 14 male specimens. 
Only three paratypes have been seen; therefore, 
Beamer’s description is given for the structure, 
color, and lateral view of the male genitalia. One 
macropterous female has been seen. 
BracuyPTeRous Form: Length of male: 2.2 mm., 
2.2 mm. 


Structure: First antennal segment about twice 
as long as wide, widest near middle, very slightly 
narrowed toward each end, slightly more so 
toward base, distinctly tricarinate; crown slightly 
longer than wide, widest at apex, carinae fairly 
distinct; elytra extending to tip of abdomen, 
hyaline veins thickened. 

Color: General color dark; legs, antennae, 
ventral margins of pronotum, tip of scutellum, 
basal segment of abdomen, and anal tube stra- 
mineous. 

Male Genitalia: In lateral view, pygofer slightly 
wider than long, longest near middle with a large 
tooth near middle of caudal margin; anal segment 
very large with a pair of very long, heavy 
processes ; aedeagus bent ventrally near base about 
twice as wide near outer third as near base, nar- 
rowed at apex, dorsal third of outer half covered 
with teeth, the basal ones quite large; aedeagal 
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brace not visible; styles more or less pediform, 
heel and toe sharp. 


MALE GENITALIA, ventrocaudal view: pygofer 
with opening as wide as long, lateral margins 
developed caudad into large teeth, anal angles 
not produced; segment X large, completely cleft 
on ventral margin except on narrow connection 
at base of large processes which extend ventrad 
while bending laterad from segment X; dorsal 
margin of diaphragm evenly concave, without 
armature; genital styles large, moderately wide 
basally, narrow on apical third. In broadest view, 
styles about same as in ventrocaudal view but 
mesal basal angles produced into short spines. 
Macroprerous Form: Length of female: 2.5 
mm., 4.0 mm. In external appearance, female 
paler in color on body portions, ventral margins 
of pronotum lacking stramineous coloration; 
forewings not quite twice as long as in brachyp- 
terous males. 

One specimen, a brachypterous male, taken in 
1909 in Raleigh, the only known record from 
North Carolina, was found among undetermined 
material in the N. C. State College collection. 
This is a new record for the state. Beamer’s 
locality records included Connecticut, Virginia, 
Wisconsin, and New Mexico. 

9. Delphacodes alexanderi (Metcalf) 


Figs. 4, 48, 49, 50 


Liburnia alexandert Metcalf, Jour. Elisha 
Mitchell Sci. Soc. 38: 209. 1923. 
Delphacodes alexanderi, Metcalf, Gen. Cat. 


Hemiptera 4(3): 404. 1943 [Cat.]. 
D{elphacodes| alexanderi Beamer, Jour. Kansas 
Ent. Soc. 19: 139. 1946 [Comp. Note]. 
D{elphacodes| alexanderi, Beamer, Jour. Kansas 

Ent. Soc. 20: 60. 1947 [Comp. Note]. 
Delphacodes alexanderi, Beamer, Jour. Kansas 
Ent. Soc. 21: 6. 1948 (Comp. Note]. 
Delphacodes alexanderi, Metcalf, Jour. Elisha 
Mitchell Sci. Soc. 65: 57. 1949 [Des., illus., 
cat.]. 

Resembling Delphacodes propinqua (Fieb.), 
D. nigripennata Bmr., and D. wetmorei M. & G. 
but forewings rufous, only twice as long as wide, 
and aedeagus with numerous large teeth. 
BracHYPTEROUS Form: Length of male: 1.8 mm., 
1.5 mm.; length of female: 2.2 mm., 1.8 mm. 
Color and structure, except for male genitalia, 
same as for D. propingua, nigripennata, and 
wetmoret. 

MALE GENITALIA, lateral view: pygofer more or 
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less rectangular, dorsocaudal corner slightly 
produced; segment X large, processes stout, acute; 
aedeagus curved dorsad on basal third of shaft 
then recurved ventrad at apical third, apical 
area with numerous stout teeth, comb extending 
from basal third of shaft to apex, three teeth on 
ventral margin near apex, orifice located at blunt 
apex; genital styles large, spatulate, dorsal mar- 
gins broadly convex, ventral margins strongly 
sinuate, apices rounded. Ventrocaudal view: py- 
gofer with opening deep, about as long as wide, 
anal angles barely indicated, ventral margin 
emarginate in middle; segment X with processes 
approximate at bases, stout, each about twice 
as long as width near base; diaphragm short, 
dorsal margin deeply concave, middle slightly 
produced dorsad to form rounded armature; 
genital styles large, almost reaching segment X, 
contiguous at bases, then diverging, mesal mar- 
gins incised, lateral margins strongly sinuate, 
apices truncate, lateral apical angles produced, 
and rounded, mesal apical angles rounded. In 
broadest view, styles about same as in ventro- 
caudal view but lateral margins slightly sinuate. 
MacropTerous Form: Length of male: 1.8 mm., 
3.0 mm.; length of female: 2.3 mm., 3.1 mm. 
Similar to brachypterous form but darker, fore- 
wings about a third longer than abdomen. 

This species has been taken only at Swannanoa, 
N. C. Specimens have been seen from North 
Carolina, Tennessee, Georgia, and Florida. The 
species is recorded also from Illinois, Virginia, 
and Mississippi. 

10. Delphacodes kilmani (Van Duzee) 


Figs. 6, 51, 52, 53 


Liburnia kilmani Van Duzee, Bull. Buffalo 
Soc. Nat. Sci. 5: 191. 1894. 

Delphacodes kilmani, Muir and Giffard, Bull. 
Hawaiian Sugar Pl. Assoc. Div. Ent. 16: 
20. 1924. 

Delphacodes kilmani (?), McClure, Ecol. Mon. 
13: 14, 23, 25, 27. 1943 [Ecology]. 

[Delphacodes| kilmani, Moore, Canadian Ent. 
76: 44. 1944 |Cat.]. 

Delphacodes kilmani, Oman, Iowa State Coll. 
Jour. Sci. 21: 212. 1947 [Cat.]. 

Delphacodes kilmani, Moore, Contr. Inst. Biol. 
Univ. Montreal 26: 31. 1950 [Listed]. 

Delphacodes kilmani, Moore, Nat. Canadien 77: 
256. 1950 [Listed]. 

Delphacodes kilmani, Strickland, Canadian Ent. 
85: 209. 1953 [Food Plants]. 
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Figs. 24-37. Figs. 24-26. Delphacodes wetmorei. 24, lateral view of male genitalia; 25, lateral view of 
aedeagus; 26, broadest view of left genital style. Figs. 27-29. D. propinqua. 27, lateral view of aedeagus; 
28, lateral view of male genitalia; 29, broadest view of left genital style. Figs. 30-32. D. lineatipes. 30, 
lateral view of male genitalia; 31, lateral view of aedeagus; 32, broadest view of left genital style. Figs. 
33-35. D. consimilis. 33, lateral view of aedeagus; 34, broadest view of left genital style; 35, lateral view 
of male genitalia. Figs. 36-37. D. detecta. 36, lateral view of male genitalia; 37, lateral view of aedeagus. 
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Resembling Delphacodes recurvata Bmr. but 

dorsal margin of diaphragm cleft in middle, 
genital styles long, simple, neither large nor 
flanged. 
BRACHYPTEROUS Form: Length of male: 2.0 
mm., 1.7 mm.; length of female: 3.0 mm., 1.8 mm. 
Color: Head, thorax, legs, ventral margin of 
abdomen, stramineous; abdomen except dorsum 
and ventral margins of abdominal segments 
reddish brown; a yellow vitta extending from 
crown to pygofer; forewings rufous in male with 
stramineous margin on rounded apices. Female 
generally lighter. Structure: First antennal seg- 
ment as long as wide; face more or less rectangu- 
lar, widest slightly below middle, not quite twice 
as long as wide, carinae well developed, median 
carina forking slightly above antennal pits, some- 
times forking near middle of face; crown 
quadrate, carinae moderately to well developed; 
pronotum with well developed straight carinae 
which diverge laterad behind eyes. 

MALE GENITALIA, lateral view: pygofer much 
wider than long, ventral margin about twice as 
long as dorsal; segment X large, possessing a 
pair of strong processes which bend ventrad 
near middle, rapidly narrowing to acute apices; 
aedeagus nearly straight, only slightly curved 
dorsad sides parallel on basal two-thirds of shaft 
then rapidly narrowing to apex, with a single 
row of teeth on dorsal margin, with a row of small 
teeth located more basad on ventral margin, 
sometimes both rows appearing joined by a semi- 
circle of small teeth, orifice located at apex; 
aedeagal brace visible; genital styles appearing as 
small, dorsally curved processes near middle of 
ventrocaudal margin. Ventrocaudal view: pygofer 
with opening slightly wider then long, nearly 
circular but slightly flattened ventrally, margins 
entire except for shallow ventral emargination; 
segment X well produced above pygofer, proc- 
esses large, projecting ventrad with a single, 
small hook near middle outer margin on each; 
dorsal margin of diaphragm very deeply ex- 
cavated, then with a vertical cleft extending al- 
most to bases of genital styles; genital styles 
widely divergent, extending nearly to lateral 
margins of pygofer, each broad on basal two- 
thirds, then rapidly narrowing to slender apical 
third. In broadest view, styles broad on basal 
third, gradually narrowing to slender, broadly 
rounded apices, mesal margins slightly concave 
on outer half. 

Macroprerous Form: No specimens of macrop- 
terous forms have been seen by the author. 
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This species has been taken in Raleigh, North 
Carolina. Specimens have also been seen from 
Alberta, New Hampshire, and Michigan. This 
species is also known to occur in Quebec, Mani- 
toba, New York, and Ohio. 

11. Delphacodes puella (Van Duzee) 


Figs. 14, 54, 55, 56 


Liburnia puella Van Duzee, Bull. Buffalo Soc. 
Nat. Sci. 5: 191. 1894. 

Delphacodes puella, Muir and Giffard, Bull. 
Hawaiian Sugar Pl. Assoc. Div. Ent. 15: 
32. 1924. 

| Delphacodes| puella, Moore, Canadian Ent. 76: 
44. 1944 [Listed]. 

Delphacodes puella, Oman, Iowa State Coll. 
Jour. Sci. 21: 214. 1947 [Cat.]. 

Delphacodes peulla [sic], Beamer, Jour. Kansas 
Ent. Soc. 21: 2. 1948 [Comp. note]. 

Delphacodes puella, Beamer, Jour. Kansas Ent. 
Soc. 21: 102. 1948 [Comp. note]. 

Delphacodes puella, Moore, Contr. Inst. Biol. 
Univ. Montreal 26: 32. 1950 [Listed]. 

Delphacodes puella, Moore, Nat. Canadien 17: 
257. 1950 [Listed]. 

Delphacodes puella, Wolcott, Jour. Agr. Univ. 
Puerto Rico 32: 144. 1950 [Listed]. 

Delphacodes jpuella, Caldwell and Martorell, 
Jour. Agr. Univ. Puerto Rico 34: 184. 1951 
[Des., illus., cat., ecology]. 

Resembling Delphacodes pellucida (F.) but 

smaller, male genitalia distinct. It can be easily 
separated from pellucida by the black tipped 
clavus of its forewings. The macroterous form 
appears to be much more prevalent than the 
brachypterous form. 
MacroptTerous Form: Length of male: 1.9 mm., 
3.0 mm.; length of female: 2.0 mm., 3.1 mm. 
Color: General color black; in male, cranial 
carinae, posterior half of pronotum, tip of scutel- 
lum, margins of dorsum of abdomen, broad mar- 
gins of propleura, white; legs stramineous; fore- 
wings pellucid white, tip of clavus black. Female 
as in male but cranial carinae, pronotal carinae, 
and posterior margins of pronotum, pale. Struc- 
ture: First antennal segment almost twice as long 
as wide; face more than twice as long as wide, 
narrowing at both ends, more so toward base, 
carinae well developed; crown slightly longer 
than width at base, carinae well developed. 

MALE GENITALIA, lateral view: pygofer more or 
less rectangular, ventrocaudal margin unevenly 
sinuate; segment X with a pair of strong, slightly 
curved processes; aedeagus widest at atrium, 
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constricted near basal third of shaft, curved 
slightly dorsad, with small teeth scattered on 
lateral surfaces of apical two-thirds, with an ir- 
regular row of teeth on both dorsal and ventral 
margins, orifice at acute apex; genital styles each 
with basal half broad, apical half narrow, apex 
notched, forming two unequal lobes. Ventro- 
caudal view: pygofer with opening slightly wider 
than long, anal angles rounded, slightly produced, 
ventral emargination shallow; segment X with 
processes rather lanceolate; diaphragm short, 
dorsal margin straight, with a bilobed armature 
in middle; genital styles pediform, lateral apical 
angles acute, produced mesal apical angles more 
acute, produced, mesal basal angles slightly pro- 
duced. In broadest view, styles each broad at 
base, narrow on outer half, mesal basal angle 
greatly produced, mesal apical angle produced 
into rectangular process. 

Bracuyprerous Form: Length of male: 1.7 
mm., 1.7 mm.; length of female: 2.0 mm., 2.1 
mm. Similar to macropterous form but forewings 
about as long as abdomen, twice as long as wide, 
apical margin white in male; female lighter than 
male. 

This species is probably the most abundant in 
North Carolina. It has been taken in numbers 
from the following localities in the state: Eliza- 
beth City, Windsor, New Hanover Co., Wilming- 
ton, Carolina Beach, Willard, Brunswick, 
Sampson Co., Clayton, Harnett Co., McCullers, 
Raleigh, Southern Pines, Grandfather Mountain, 
Linville Falls, Montreat, Swannonoa, Cullo- 
whee, Hendersonville, Mt. Pisgah, Highlands, 
and Andrews. Other specimens have been seen 
from New Hampshire, Connecticut, Ohio, IIli- 
nois, Tennessee, Florida, Missouri, and Nebraska. 
It also occurs in many other areas from Canada 
to the Caribbean area. 

12. Delphacodes analis (Crawford) 


Figs. 10, 57, 58, 59 

Megamelus analis Crawford, Proc. U. 8. Nat. 
Mus. 46: 620. 1914. 

Delphacodes analis, Muir and Giffard, Bull. 
Hawaiian Sugar Pl. Assoc. Div. Ent. 15: 
24. 1924. 

| Delphacodes] analis, Moore, Canadian Ent. 76: 
44, 1944 [Listed]. 

Delphacodes analis, Beamer, Jour. Kansas Ent. 
Soc. 20: 62. 1947 (Comp. note]. 

Delphacodes analis, Moore, Contr. Inst. Biol. 

Univ. Montreal 26: 31. 1950 [Listed]. 
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Delphacodes analis, Moore, Nat. Canadien 17: 
256. 1950 [Listed]. 
[Delphacodes] analis, Strickland, Canadian Ent. 
85: 209. 1953 [Listed]. 
BracuyPTrerous Form: Length of male: 1.8 
mm., 1.2 mm.; length of female: 2.0 mm., 1.2 
mm. Color: Face stramineous; crown, entire 
thorax, and legs yellow; abdomen rufous; dorsum 
and ventrocaudal margin of pygofer yellow. Fe- 
male abdomen generally lighter. Structure: First 
antennal segment as wide as long; face rectangu- 
lar, width two-thirds length, carinae moderately 
developed; vertex broadly rounded, carinae ob- 
scure; crown square, strongly widened at apex, 
carinae slightly developed; pronotal carinae 
slightly developed, curved behind eyes; fore- 
wings somewhat square, veins raised. 

MALE GENITALIA, lateral view: pygofer some- 

what trapezoidal, much wider than long, ventro- 
caudal corner produced dorsad, ventrocaudal 
margin almost straight; segment X of medium 
size, well produced above pygofer, processes 
short, stout, straight; aedeagus with basal half 
of shaft laterally flattened into semicircular basal 
disc, apical half globular, a pair of strong, some- 
what slender processes extending dorsad from 
dorsal margin of apical half, orifice located at 
broadly rounded apex; genital styles small, stout, 
extending dorsad from ventral third of pygofer. 
Ventrocaudal view: pygofer with opening as wide 
as long; ventral margin developed at middle into 
short spine which is produced dorsad, anal angles 
produced caudad and broadly rounded; processes 
of segment X short, small, extending laterad on 
caudally produced ledge of segment X; dia- 
phragm very large, strongly convex along median 
line, dorsal margin short, straight, developed in 
middle into an armature of a pair of flattened, 
reniform structures; genital styles small, generally 
slender, wide at bases, lateral and mesal margins 
sinuate, forming alternating narrow and wide 
sections. In broadest view, styles each with basal 
half broad, apical half narrow, extending almost 
at a right angle from basal half. 
Macroprerous Form: Length of male: 1.8 
mm., 3.1 mm.; length of female: 2.2 mm., 3.3 mm. 
Similar to braehypterous form but forewings 
about a third longer than abdomen and general 
color darker, especially mesonotum; abdomen of 
female light brown. 

This species has been taken in Moore County, 
North Carolina, and specimens have also been 
examined from Alberta, New York, Michigan, 
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Fies. 38-50. Fig. 38. Delphacodes detecta. Broadest view of left genital style. Figs. 39-41. D. basivitta. 
39, lateral view of male genitalia; 40, lateral view of aedeagus; 41, broadest view of left genital style. 
Figs. 42-44. D. pellucida. 42, lateral view of male genitalia; 43, lateral view of aedeagus; 44, broadest 
view of left genital style. Figs. 45-47. D. dentipennis. 45, broadest view of left genital style; 46, lateral 
view of male genitalia; 47, lateral view of aedeagus. Figs. 48-50. D. alexanderi. 48, lateral view of male 
genitalia; 49, lateral view of aedeagus; 50, broadest view of left genital style. 
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and Minnesota. It is also recorded from Wis- 
consin. 

13. Delphacodes shermani (Metcalf) 

Figs. 12, 60, 61, 62 

Liburnia shermani Metcalf, Jour. Elisha Mitchell 
Sci. Soc. 38: 207. 1923. 

D [elphacodes| shermani, Beamer, Jour. Kansas 
Ent. Soc. 19: 143. 1946 [Comp. note]. 

Delphacodes shermani, Beamer, Jour. Kansas 
Ent. Soc. 20: 59. 1947 [Des., illus., cat.]. 

D\elphacodes| shermani, Beamer, Jour. Kansas 
Ent. Soc. 20: 62. 1947 [Comp. note]. 

Delphacodes shermani, Metcalf, Jour. Elisha 
Mitchell Sei. Soc. 65: 55. 1949 [Des., illus., 
cat.]. 

Resembling Delphacodes campestris (Van D.) 
but both sexes with at least several black spots; 
in male genitalia, segment X with processes, 
aedeagus more or less rectangular in lateral view. 
BrRacHyPTEROUS Form: Length of male: 2.3 
mm., 1.8 mm.; length of female: 3.0 mm., 2.1 
mm. Color: Generally buff-yellow; male with 
entire face polished black, black spots at each 
of the following locations; under the ocelli, above 
sach coxa, on each side of terga of basal abdom- 
inal segments, and additional spots forming a 
broad crossband near middle of abdomen; genital 
capsule black except on extreme dorsum and 
segment XI; female with face tan, black spots in 
area beneath ocelli, above middle and hind coxae, 
on lateral margin of each tergum of abdomen. 
Structure: First antennal segment slightly more 
than twice as long as wide; face about twice as 
long as wide, sides almost parallel but narrowed 
at both ends, more so at base, carinae moderately 
developed; crown about a third longer than width 
at base, carinae slightly developed; forewings 
more than twice as long as wide, apices rounded, 
veins raised, heavy. 

MALE GENITALIA, lateral view: pygofer more or 
less triangular, dorsal margin much shorter than 
ventral; segment X with two short, acute proc- 
esses; aedeagus more or less rectangular, apex 
truncate, with a row of small teeth on dorsal 
margin, orifice located at ventrocaudal corner; 
aedeagal brace evident; genital styles avicephali- 
form, ‘“‘beak”’ short, blunt, “head” flat on top. 
Ventrocaudal view: pygofer with opening nearly 
circular, about as long as wide, anal angles ob- 
scure, ventral emargination shallow; processes 
of segment X short, spines produced from lobes 
on segment X; dorsal margin of diaphragm con- 
cave, slightly raised into a lip at middle; genital 





styles pediform, mesal apical angles acute, lateral 
apical angles somewhat blunt. In broadest view, 
styles avicephaliform, “beak” short, “head” 
blunt, high, large, “neck” very narrow. 
Macroprerous Form: Length of male: 2.4 
mm., 3.3 mm. Similar to brachypterous form but 
forewings much longer than abdomen, pronotum 
almost exclusively white. No female macrop- 
terous specimens have been seen. 

This species has been previously collected in 
Raleigh, the only record for North Carolina. 
Specimens have been seen from North Carolina 
and Kansas. These are the only known localities 
for this species. 

14. Delphacodes nigripennata Beamer 

Figs. 15, 63, 64, 65 
Delphacodes nigripennata Beamer, Jour. Kansas 
Ent. Soc. 19: 139. 1946. 
D{elphacodes| nigripennata, Beamer, Jour. Kan- 
sas Ent. Soc. 19: 140. 1946 [Comp. note]. 

Resembling Delphacodes alexanderi (Metc.) 
but face without black longitudinal stripes, seg- 
ment X with two pairs of processes and aedeagus 
bent dorsad near atrium. No females are known. 
Only one specimen, a macropterous male has been 
seen. Beamer’s (1947a) description is given for 
the brachypterous form. 
Bracuyprerous Form: Length of 
mm. 


male: 2.0 


Structure: Front about three times as long as 
wide, widest slightly middle, slightly 
narrowed on apical third to apex, narrowed about 
one-fourth on basal third, definitely tricarinate; 
crown longer than width between eyes, crinae 
barely visible; elytra widest near middle, reaching 
to genital capsule, apices broadly rounded. 

Color: Head, pronotum and most of body 
except abdomen tawny, abdomen mostly dark 
brown to black, with two dorsal light crossbands, 
some light spots on lateral margins of dorsum and 
narrow light hind margins of ventral segments; 
large dark spot above hind coxae; elytra black 
or very dark brown, shining, veins raised. 

Genitalia: In lateral view anal segment with two 
pairs of processes; aedeagus bent dorsally near 
base with dorsal margin bulged near middle, some 
small teeth in region of this bulge; styles aviceph- 
aliform, beak sharp, head high and fairly sharp. 


below 


Macroptrerous Form: Length of male: 2.0 
mm., 2.6 mm. Similar to the brachypterous form 
but forewings about a third longer than abdomen. 
Color dark brown, legs somewhat lighter. 

MALE GENITALIA, ventrocaudal view: pygofer 
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with opening about as wide as long, very shallow, 
anal angles produced, ventral emargination shal- 
low; segment X well produced above pygofer; 
dorsal margin of diaphragm deeply concave, de- 
veloped in middle into rectangular armature 
which is produced dorsad; genital styles broad at 
apices, lateral apical angles produced more than 
slightly produced mesal basal angles. In broadest 
view, genital styles much the same as in ventro- 
caudal view. 

One specimen, a macropterous male, was taken 
from a trap light in Clayton in July 1958; this is 
a new record for the state. Beamer described 
this species from specimens from Kansas and 
Florida. 

15. Delphacodes recurvata Beamer 


Figs. 11, 66, 







Delphacodes recurvata Beamer) Jour. Kansas Ent. 
Soc. 21: 3. 1948. 
Resembling Delphacodes Kilmani (Van D.) 
but segment X with two pails of processes and 
genital styles each with a flange on apical third. 
BRACHYPTEROUS Form: Length of male: 2.3 
mm., 1.4 mm.; length of female: 2.6 mm., 1.6 
mm. Color: Stramineous to light brown; fore- 
wings with a small brown spot near middle of 
apical margin, semblance of brown longitudinal 
lines on abdomen, aedeagus and genital styles 
brown. Structure: First antennal segment twice 
as wide as long; face about twice as long as wide, 
widest near middle, narrowed toward each end, 
slightly so toward apex, more so toward base, 
carinae well developed; crown slightly less than 
twice as long as width at base, carinae slightly 
developed; pronotal carinae straight, only slightly 
divergent, almost reaching posterior margin; 
forewings barely longer than wide, apices trun- 
cate, hyaline. 

MALE GENITALIA, lateral view: pygofer wider 
than long, ventrocaudal margin concave; seg- 
ment X small with a pair of long, slender proc- 
esses arising ventrocaudally and recurved dorsad, 
extending length of caudal margin of segment; 
aedeagus slightly widest near atrium, slightly 
curved ventrad, with three fairly large anteapical 
teeth in a dorsal row, two teeth on left side near 
apex, single tooth on right side anterior to row; 
orifice on ventral margin near apex, its edges 
drawn out into a short membranous funnel; 
aedeagal brace evident; genital styles swollen 
on mesal margins near middle, lateral margins 
each with a flange on apical third. Ventrocaudal 
view: pygofer with opening wider than long, anal 
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angles roundly produced, lateral margins entire, 
ventral emargination deep; processes of segment 
X hidden behind styles; dorsal margin of dia- 
phragm concave; genital styles long, reaching to 
segment X. In broadest view, styles arcuate, 
widest at middle, each with somewhat rectangu- 
lar flange on mesal margin. 

Macropterous Form: Length of male: 2.3 
mm., 3.1 mm.; length of female: 2.6 mm., 3.5 
mm. Similar to brachypterous form but both pairs 
of wings about a third longer than abdomen. 

This species has been taken in Raleigh, North 
Carolina. This is a new record for this state. The 
only other known localities are Washington, D.C. 
and Florida. 

16. Delphacodes andromeda (Van Duzee) 

Figs. 19, 69, 70, 71 

Liburnia andromeda Van Duzee, Bull. Buffalo 
Soc. Nat. Sci. 8: 46. 1907. 

Delphacodes andromeda, Muir and Giffard, Bull. 
Hawaiian Sugar Pl. Assoc. Div. Ent. 165: 
36. 1924. 

Delphacodes andromeda, Beamer, Jour. Kansas 
Ent. Soc. 21: 98. 1948 [Comp. note]. 

Delphacodes andromeda, Morgan and Beamer, 
Jour. Kansas Ent. Soc. 22: 142. 1949 [Cat.]. 

Delphacodes andromeda, Wolcott, Jour. Agr. 
Univ. Puerto Rico 32: 144. 1950 [Listed]. 

Resembling Delphacodes adunca Bmr. But 

more dorsal pair of anal processes long and 
broadly rounded at apices instead of short and 
acute. 
BracHyPTEROUS Form: Length of male: 1.8 
mm., 1.3 mm.; length of female: 2.0 mm., 1.5 
mm. Color and structure, except for male geni- 
talia, same as for D. adunca. 

MALE GENITALIA, lateral view: pygofer about 
twice as wide as long, ventrocaudal margin con- 
cave exposing aedeagal brace; segment X large, 
bearing two pairs of processes, more ventral 
pair aciculate, more dorsal pair large, stout; 
aedeagus medium in size, slender for basal two- 
thirds of shaft, apical third semicircular, with a 
few small teeth extending diagonally from dorsal 
margin of apex to ventral margin, with teeth on 
ventral margin at middle third, orifice small, 
located at apex; genital styles each shaped like 
a meat cleaver, flattened, extending dorsad, with 
a semicircular spur near base. Ventrocaudal view: 
pygofer with opening about as long as wide, 
shallow, margins entire; segment X large, caudal 
margin developed into a pair of long processes 
which are broadly rounded at apices; dorsal mar- 
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Figs. 51-64. Figs. 51-53. Delphacodes kilmani. 51, lateral view of male genitalia; 52, lateral view of 
aedeagus; 53, broadest view of left genital style. Figs. 54-56. D. puella. 54, lateral view of male genitalia; 
55, lateral view of aedeagus; 56, broadest view of left genital style. Figs. 57-59. D. analis. 57, lateral 
view of male genitalia; 58, lateral view of aedeagus; 59, broadest view of left genital style. Figs. 60-62. 
D. shermani. 60, lateral view of male genitalia; 61, lateral view of aedeagus; 62, broadest view of left 
genital style. Figs. 63-64. D. nigripennata. 63, lateral view of male genitalia; 64, lateral view of aedeagus. 
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gin of diaphragm deeply concave, developed in 
middle into awl-shaped armature extending al- 
most to bases of genital styles; genital styles sub- 
cylindrical at bases, spatulate toward apices, 
diverging at basal halves, then bending mesad 
to extend parallel, overlapping anal processes, 
mesal basal angles produced into spur-like proc- 
esses. In broadest view, styles each twice as wide 
on apical half as on basal half. 

Macroprerous Form: Length of male: 1.8 
mm., 2.6 mm.; length of female: 2.0 mm., 2.7 
mm. Similar to brachypterous form except fore- 
wings one-half longer than abdomen; general 
color slightly darker. 

This species has been taken in North Carolina 
at Raleigh and Linville Falls. This is a new record 
for the state. Specimens have also been seen from 
Florida. This species has been reported from 
numerous localities extending from Maryland 
and Ohio down the Atlantic coastal area into the 
Caribbean area. 

17. Delphacodes adunca Beamer 


Figs. 17, 72, 73, 74 


Delphacodes adunca Beamer, Jour. Kansas Ent. 
Soc. 21: 98. 1948. 

Resembling Delphacodes andromeda (Van D.) 
but more dorsal pair of anal processes short and 
acute at apices instead of long and broadly 
rounded. 

BRaACHYPTEROUS Form: Length of male: 1.5 
mm., 1.1 mm.; length of female: 1.7 mm., 1.5 
mm. Color: General color stramineous in male; 
face, crown, anterior half of pronotum, all of 
scutellum except apex, and genital capsule ex- 
cept dorsum, black; posterior portion of pro- 
notum and scutellum white; abdomen more or 
less tinged with dark shades on basal half. Female 
much lighter in color, sometimes without black 
on face, crown, pronotum, and scutellum; when 
dark, much paler than in males. Structure: Face 
not quite twice as long as wide, slightly wider at 
apex than at base, distinctly tricarinate, carinae 
moderately developed; crown as wide as long, 
slightly wider at apex than at base, carinae only 
slightly developed; pronotal carinae straight, 
diverging caudally but not curved behind eyes; 
forewings about as long as wide, apices rounded. 

MALE GENITALIA, lateral view: pygofer one- 
third wider than long, much narrower on dorsal 
margin than on ventral, ventrocaudal margin 
convex; segment X with two pairs of processes, 
more dorsal pair short and acute, more ventral 
pair long and slender, extending ventrally 
through about half their length then curving 
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sharply dorsad and almost touching first pair 
apically; aedeagus slightly wider near apex than 
at atrium, bent dorsad on basal third of shaft 
then ventrad near apical third, orifice located at 
apex, with teeth scattered over aedeagus; genital 
styles nearly hidden except for apices. Ventro- 
caudal view: pygofer with opening wider than 
long, lateral margins slightly produced, ventral 
emargination slight; ventrolateral corners of 
segment X extending in two short processes, each 
as long as width near its base; dorsal margin 
of diaphragm deeply concave, with middle por- 
tion forming simple, more or less square arma- 
ture; genital styles pediform, lateral apical angles 
each terminating in a bulbous “‘toe’’, mesal apical 
angles produced into somewhat acute “heels.” 
In broadest view, styles about same as in ventro- 
caudal view, but “heels” blunt, mesal basal 
angles produced. 

Macroprerous Form: Length of male: 1.8 
mm., 2.6 mm.; length of female: 1.9 mm., 2.6 
mm. Male and female like respective brachyp- 
terous forms but forewings three times as long 
as wide, transparent with light stramineous veins, 
broadly rounded at apices. General color darker 
than brachypterous forms. 

The discovery of specimens from undetermined 
North Carolina material establishes a new record 
for this state. This species has been taken on sev- 
eral occasions in Raleigh and also in the moun- 
tains of North Carolina. Beamer’s locality rec- 
ords included Florida and Georgia. 

18. Delphacodes laminalis (Van Duzee) 

Figs. 5, 75, 76, 77 

Liburnia lateralis Van Duzee, Bull. Buffalo Soc. 
Nat. Sci. 5: 191. 1894. 

Liburnia laminalis Van Duzee, Bull. Buffalo Soc. 
Nat. Sci. 5: 251. 1897. 

Delphacodes laminalis, Muir and Giffard, Bull. 
Hawaiian Sugar Pl. Assoc. Div. Ent. 15: 
38. 1924. 

[Delphacodes] laterana Metcalf, Gen. Cat. Hemip- 
tera 4: (3): 458. 1943 [Cat.]. 

Delphacodes laminalis, Moore, Canadian Ent. 
46: 44. 1944 [Listed]. 

Delphacodes laminalis, Oman, Iowa State Coll. 
Jour. Sei. 21: 212. 1947 [Cat.]. 

Delphacodes laminalis, Moore, Contr. Inst. Biol. 
Univ. Montreal 26: 31. 1950 (Listed). 

Delphacodes laminalis, Moore, Nat. Canadien 
76: 256. 1950 [Listed]. 

Delphacodes lateralis, Moore, Nat. Canadien 76: 

256. 1950 [Listed]. 

Resembling Delphacodes kilmani (Van D.) 
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Figs. 65-79. Fig. 65. Delphacodes nigripennata. Broadest view of left genital style. Figs. 66-68. D. re- 
curvata. 66, lateral view of aedeagus; 67, lateral view of male genitalia; 68, broadest view of left genital 
style. Figs. 69-71. D. andromeda. 69, lateral view of male genitalia; 70, lateral view of aedeagus; 71, 
broadest view of left genital style. Figs. 72-74. D. adunca. 72, lateral view of male genitalia; 73, lateral 
view of aedeagus; 74, broadest view of left genital style. Figs. 75-77. D. laminalis. 75, lateral view of 
male genitalia; 76, broadest view of left genital style; 77, lateral view of aedeagus. Figs. 78-79. D. lutu- 
lenta. 78, lateral view of male genitalia; 79, lateral view of aedeagus. 
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but first antennal segment twice as long as wide; 
in male genitalia, segment X without armature 
and anal angles of pygofer greatly produced. 
BracuyPpTrerRous Form: Length of male: 2.2 
mm., 1.6 mm.; length of female: 2.8 mm., 2.2 
mm. Color: General color yellowish; face 
sprinkled with faint pale spots between carinae; 
lateral margins on outside of lateral carinae of 
pronotum and scutellum, lateral margins of ab- 
dominal segments, dark brown; pygofer of male 
white with dark spot on each side, genital styles 
and segment XI black. Females generally darker. 
Forewings brown. Structure: First antennal seg- 
ment twice as long as wide; face about twice as 
long as greatest width, narrowed on both ends, 
more so near base, carinae well developed, median 
carinae forking on face below vertex; crown al- 
most square, carinae well developed; forewings 
with width about twice length. 

MALE GENITALIA, lateral view: pygofer with 

dorsocaudal corner produced, forming a large 
tooth; segment X short; aedeagus slender, bent 
ventrad at basal third of shaft, with two proc- 
esses, one arising from dorsal margin near basal 
third of shaft extending caudad on right side, 
the outer arising dorsad from dorsal margin at 
half distance from origin of first to apex, orifice 
located near dorsal margin, sides produced dorsad 
into membranous funnel; genital styles each with 
dorsal margin slightly concave, ventral margin 
produced on apical half. Ventrocaudal view: py- 
gofer with opening wider than long, anal angles 
produced, ventral emargination slight; seg- 
ment X short, without processes; dorsal margin 
of diaphragm concave, without armature; genital 
styles large, each with apex broader than base, 
lateral and mesal margins sinuate, mesal apical 
angle slightly produced. In broadest view, genital 
styles each with lateral and mesal margins sub- 
parallel, mesal margin with slight bulge near 
middle, apical margin slightly convex on lateral 
half, concave on mesal half. 
Macroprerous Form: Length of male: 2.3 
mm., 3.8 mm.; length of female: 2.8 mm., 4.1 mm. 
Similar to brachypterous form but colors more 
prominent, forewings extending almost two- 
thirds length of abdomen. 

This species has been taken in Hendersonville 
and Clayton, North Carolina. Specimens have 
been seen from Pennsylvania, Maryland, Wash- 
ington, D. C., Indiana, North Carolina, and 
Florida. It has also been recorded from Quebec, 
Ontario, Massachusetts, Connecticut, New York, 
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Ohio, Illinois, Mississippi, Louisiana, and Cal- 
ifornia. 
19. Delphacodes lutulenta (Van Duzee) 


Figs. 20, 78, 79, 80 
Liburnia lutulenta Van Duzee, Bull. Buffalo Soc. 
Nat. Sci. 5: 191. 1894. 
Delphacodes lutulenta, Muir and Giffard, Bull. 
Hawaiian Sugar Pl. Assoc. Div. Ent. 15: 
23. 1924. 
[Delphacodes| lutulenta, Moore, Canadian Ent. 
46: 1944 [Listed]. 
Delphacodes lutulenta, Oman, Iowa State Coll. 
Jour. Sci. 21: 213. 1947 [Cat.]. 
Delphacodes lutulenta, Beamer, Jour. Kansas 
Ent. Soe. 21: 5. 1948 [Comp. note]. 
Liburnia lutulenta, Buyckx, La Cellule 56: 66. 
1948 [Parasites]. 
Delphacodes lutulenta, Moore, Contr. Inst. Biol. 
Univ. Montreal 26: 32. 1950 [Listed]. 
Delphacodes lutulenta, Moore, Nat. Canadien 
77: 257. 1950 [Listed]. 
Delphacodes lutulenta, Wolcott, Jour. Agr. Univ. 
Puerto Rico 32: 144. 1950 [Listed]. 
BracuHyPTeRous Form: Length of male: 2.0 
mm., 1.6 mm.; length of female: 2.3 mm., 1.7 
mm. Color: General color dull testaceous brown; 
facial carinae brown margined; abdomen darker, 
in male rufous, in female segments edged with 
rufous; females somewhat lighter than males, 
sometimes stramineous. Structure: First antennal 
segment as wide as long; face square, width two- 
thirds length, carinae moderately developed; 
carinae on apex obscure; crown varying from 
slightly wider than long to condition in which 
crown is square with carinae only slightly de- 
veloped, slightly wider at apex than at base; 
pronotal carinae varying, sometimes straight, 
extending caudad, sometimes curved laterad be- 
hind eyes; forewings much longer than wide. 
MALE GENITALIA, lateral view: pygofer more or 
less rectangular, width twice length, dorsal and 
ventral margins evenly convex, cephalic and 
ventrocaudal margins concave; segment X well 
produced above dorsum, without processes; 
aedeagus small, flattened laterally, about twice 
as wide on basal half as on apical half of shaft, 
strongly curved ventrad near middle, without 
teeth or processes; genital styles moderately 
large, similar to aedeagus in appearance, each 
wide on basal half, narrowing on apical half, 
curved dorsad near middle. Ventrocaudal view: 
pygofer with opening slightly wider than long, 
ail margins entire; dorsocaudal margins of seg- 
ment X emarginate; diaphragm cordate with 











60 JOURNAL OF THE MITCHELL Society 


dorsal margin concave, developed in middle into 
cordate armature which is produced caudad; 
genital styles almost reaching dorsal margin of 
diaphragm, wide at bases then narrowing into 
slender, straight shafts, mesal and lateral mar- 
gins parallel. In broadest view, styles almost same 
as in lateral view. 

Macropterous Form: No macropterous forms 
were available for study. 

This species has been taken in Raleigh, North 
Carolina, a new record for the state. Other speci- 
mens have been seen from Alberta, New Hamp- 
shire, Connecticut, New York, and South 
Dakota. It has also been listed from Quebec, 
Ontario, Massachusetts, Ohio, Minnesota, Kan- 
sas, Colorado, California, and Puerto Rico. 

20. Delphacodes campestris (Van Duzee) 


Figs. 16, 81, 82, 83 


Liburnia campestris Van Duzee, Bull. Buffalo 
Soc. Nat. Sci. 5: 191. 1894. 

Liburnia unda Metcalf, Jour. Elisha Mitchell 
Sci. Soc. 38: 207. 1923. 

Delphacodes campestris, Muir and Giffard, Bull. 
Hawaiian Sugar Pl. Assoc. Div. Ent. 15: 
35. 1924. 

D{elphacodes] campestris, McClure, Ecol. Mon. 
13: 14, 28. 1943 [Ecology]. 

[ Delphacodes] campestris, Moore, Canadian Ent. 
46: 44. 1944 [Listed]. 

D{elphacodes] campestris, Beamer, Jour. Kansas 
Ent. Soc. 20: 59, 70. 1947 [Comp. note]. 

Delphacodes campestris, Oman, Iowa State Coll. 
Jour. Sci. 21: 210. 1947 [Cat.]. 

Delphacodes campestris, Beamer, Jour. Kansas 
Ent. Soc. 21: 99, 100, 103, 116. 1948 [Comp. 
note}. 

L{iburnia] campestris, Buyckx, La Cellule 56: 66. 
1948 [Parasites]. 

Liburnia campestris, Kretschmar, Jour. Econ. 
Ent. 41: 588. 1948 [Food plants]. 

L{iburnia] campestris, Metcalf, Jour. Elisha 
Mitchell Sci. Soc. 65: 55. 1949 [Comp. note]. 

Delphacodes campestris, Metcalf, Jour. Elisha 
Mitchell Sci. Soc. 65: 56. 1949 [Des., illus., 
cat.] Equals Liburnia unda Mete. 

Delphacodes campestris, Moore, Contr. Inst. 
Biol. Univ. Montreal 26: 31. 1950 [Listed]. 

Delphacodes campestris, Moore, Nat. Canadien 
77: 256. 1950 [Listed]. 

Delphacodes campestris, Beamer, Jour. Kansas 
Ent. Soc. 24: 12. 1951 [Comp. note]. 

Delphacodes campestris, Dowdy, Ecology 32: 

50. 1951 [Ecology]. 





Delphacodes campestris, Beamer, Jour. Kansas 
Ent. Soc. 25: 114. 1952 [Comp. note]. 

[Delphacodes] campestris, Strickland, Canadian 
Ent. 85: 209. 1953 [Food plants]. 

Resembling Delphacodes shermani (Metc). 

But with only one dark brown pleural spot and 
segment X without processes. 
BracuypreRous Form: Length of male: 2.3 
mm., 1.8 mm.; length of female: 2.5 mm., 2.2 
mm. Color: General color ochraceous-buff; ab- 
domen fulvous or rufous; male genital capsule 
and legs stramineous; basal angles of scutellum 
and large pleural spot dark brown; coastal speci- 
mens much paler. Structure: First antennal seg- 
ment about as wide as long; face slightly less 
than twice as long as wide, lateral carinae vary- 
ing from nearly straight to broadly rounded, but 
constant in narrowing near base of face, carinae 
moderately to well developed; crown varying 
from nearly square to a condition in which length 
is greater than basal width, carinae moderately 
to well developed; forewings varying from slightly 
longer than wide to twice as long as wide. 

MALE GENITALIA, lateral view: pygofer about 
twice as wide as long, dorsal margin rounded; 
segment X without processes; aedeagus widest 
at atrium, ventral margin strongly converging 
near middle to cylindrical apical half, dorsal 
margin regulariy convex, orifice located at apex; 
diaphragm armature large, broad at base ex- 
tending caudad to terminate in broadly rounded 
apex, apical portion with numerous small teeth; 
genital styles large, each broad at base, narrowing 
on ventral margin near middle, terminating in 
truncate apex, dorsal margin concave. Ventro- 
caudal view: pygofer with opening shallow, a 
third wider than long, anal angles rounded, not 
produced, lateral margins produced near their 
middle, ventral margin entire; segment X short, 
dorsal margin concave; diaphragm produced in 
middle by two subcrescentiform ridges running 
from near dorsal margin to near bases of genital 
styles, their convex mesal margins contiguous, 
ventral half of ridges with minute teeth; genital 
styles extending caudad, each acute at mesal 
basal and lateral apical angles, lateral margin 
convex, mesal margin concave. In broadest view, 
styles large, each with mesal basal angle devel- 
oped, lateral and mesal margins convergent near 
basal third, gradually diverging to truncate apex, 
apical margin slightly concave. 

Macroprerous Form: Length of male: 2.3 
mm., 3.8 mm.; length of female: 2.6 mm., 4.0 
mm. Similar to brachypterous form but color 
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Fies. 80-86. Fig. 80. Delphacodes lutulenta. Broadest view of left genital style. Figs. 81-83. D. cam- 
pestris. 81, lateral view of male genitalia; 82, lateral view of aedeagus; 83, broadest view of left genital 
style. Figs. 84-86. D. rotundata. 84, lateral view of male genitalia; 85, broadest view of left genital style; 


86, lateral view of aedeagus. 


darker, markings more distinct, forewings much 
longer than abdomen. 

This species has been taken in North Carolina 
at Carolina Beach. Specimens have been seen 
from Alberta, New Hampshire, Connecticut, 
Illinois, and Nebraska. It has also been recorded 
from Quebec, Ontario, Massachusetts, New York, 
New Jersey, Pennsylvania, District of Columbia, 
Michigan, Ohio, Iowa, Minnesota, Louisiana, 
Mississippi, Missouri, Kansas, Colorado, Ari- 
zona, and Nevada. 

21. Delphacodes rotundata (Crawford) 


Figs. 21, 84, 85, 86 


Megamelus rotundata Crawford, Proc. U. 8. Nat. 
Mus. 46: 606. 1914. 
Delphacodes  rotundata, Metcalf, Gen. Cat. 
Hemiptera 4: (3): 503. 1943 [Cat.]. 
BrRacHYyPTEROUS Form: Length of male: 2.3 
mm., 1.8 mm. No female specimens were avail- 
able for study. Color: Head, pronotum, scutel- 
lum, soiled whitish; abdomen dark brown except 
dorsum of last three segments and pygofer which 
are rufous. Structure: First antennal segment 
about twice as long as wide; face slightly more 
than one and one-half times as long as wide, 


widest near middle, narrowing at both ends, 
carinae well developed; crown much longer than 
wide, carinae moderately developed; forewings 
about twice as long as wide, hyaline, veins prom- 
inent. 

MALE GENITALIA, lateral view: pygofer one- 
third wider than long, ventrocaudal margin con- 
cave, dorsocaudal and ventrocaudal corners 
somewhat produced; segment X large, ventral 
margin much longer than dorsal, without proc- 
esses; aedeagus small, widest at atrium, bent 
ventrad near middle of shaft at almost a right 
angle, with a few small teeth on apical half, orifice 
located on dorsum near apex; aedeagal brace 
evident; genital styles constricted below middle, 
spatulate at apex. Ventrocaudal view: pygofer 
with opening much wider than long, anal angles 
rounded, little produced; segment X without 
processes; dorsal margin of diaphragm concave, 
developed in middle into concave lip extending 
almost to bases of genital styles; genital styles 
reaching to dorsal margin of diaphragm, each 
broad at base, constricted near middle on mesal 
margin, spatulate at apex. In broadest view, 
styles obliquely truncate at apices, mesa] basal 
angles produced. 
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Macropterous Form: Length of male: 2.3 
mm., 3.0 mm. Similar to brachypterous form but 
general colors darker, pronotum sometimes ru- 
fous; forewings much longer than abdomen. No 
female specimens were available for study. 

This species has been taken in North Carolina 
at Raleigh and Swannanoa. Specimens have been 
seen from New York, New Jersey, North Caro- 
lina, and Arizona. It is also recorded from Ohio, 
Alabama, and Florida. 
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NATURAL 


HYBRIDIZATION BETWEEN THE TREE 
VERSICOLOR AND HYLA AVIVOCA! 








FROGS HYLA 





By Joun S. Mecuam 


Department of Zoology-Entomology, Alabama Polytechnic Institute, Auburn, Alabama 


Although a number of cases of natural inter- 
specific hybridization have been recorded in the 
Anura, these have involved only a few genera, 
and our knowledge of the phenomenon has only 
recently been extended to the important genus 
Hyla with the discovery of hydridization and 
introgression between Hyla gratiosa and Hyla 
cinerea (Bogert, 1958; Mecham, in press, a). 
This paper deals with yet another example of 
natural hybridization within this genus, involving 
the bird-voiced tree frog, Hyla avivoca, and the 
gray tree frog, Hyla versicolor, in eastern Alabama. 


EVIDENCE FOR HyBRIDIZATION 


The evidence for hybridization between Hyla 
avivoca and Hyla versicolor is based on two hybrid 
males. Both were collected by the writer approxi- 
mately four miles south of Tuskegee, Macon 
County, Alabama, in a deeply flooded beaver 
swamp containing numerous hardwood trees 
and a considerable amount of tangled under- 
growth. The first example was taken on a herpe- 
tology field trip the night of May 12, 1959, in a 
large mixed chorus of avivoca and versicolor. The 
specimen, which was found about six feet from 
the ground on a tree trunk, would not have been 
collected except for its distinctive call which 
sounded intermediate between the short loud 
trill of versicolor and the very different wavering 
whistle of avivoca. The intermediate sound of the 
call was confirmed by several students, none of 
whom had any difficulty in picking out this 
individual from the background chorus. In 
general appearance the specimen seemed not very 
different from avivoca, but its hybrid nature was 
confirmed by the presence of yellow-orange 
pigmentation on the groin and concealed surfaces 
of the thigh and shank. In this character it 
resembled Hyla versicolor and disagreed with 
Hyla avivoca, which consistently has a pale green 
to pale yellow-green pigmentation on these parts 
of the body. The second presumed hybrid was 
collected under almost identical circumstances 


1 This research has been supported under Na- 
tional Science Foundation Grants Nos. G-5495 


and G-8714. 





at the same spot on May 29, 1959. Again the 
specimen was located by its peculiar call (con- 
firmed as such by another person at the time) in 
a mixed chorus of avivoca and versicolor. The 
specimen was found perched in a tangle of vege- 
tation about five feet from the ground. As in the 
case of the first individual, the general appear- 
ance seemed to be closer to that of avivoca, but 
the specimen possessed the bright yellow-orange 
coloring of versicolor. No other hybrids were 
heard on either occasion, and although the site 
was visited two other times when both species 
were calling, no additional hybrids were detected. 

The odd, intermediate-sounding call, together 
with the generally avivoca-like appearance com- 
bined with the yellow-orange pigmentation, leave 
little doubt that these two specimens are the 
products of hybridization. Evidence from other 
characters, however, would be desirable, not only 
in support of the foregoing observations, but to 
clarify whether these examples are F, hybrids or 
the products of further recombination. This has 
been very difficult to obtain because of the great 
similarity of the two forms. Aside from the 
coloring of the leg and groin, the general color 
pattern of the two species shows little or no 
consistent difference. There is a light spot under 
the eye which is generally more clearly defined in 
avivoca, and although this character does not 
allow for complete separation, the two hybrids 
appear more like avivoca than versicolor in this 
feature. The skin of versicolor is decidedly more 
warty than isthe case in avivoca, but thischaracter 
has defied objective measurement. Suffice it to 
say that on the basis of comparison of both 
species with the presumed hybrids, the hybrids 
appear to be more rugose than most avivoca, but 
still fall within the range of this species and below 
that of versicolor. H. avivoca is a smaller species 
than versicolor. Wright and Wright (1949) give 
the snout-vent length for Hyla avivoca as 28-39 
mm. in males and 32-49 mm. for females, while 
the same measurement in Hyla versicolor versi- 
color (the sympatric subspecies) is given as 
32-51 mm. for males and 33-60 mm. for females. 
Ten male avivoca from the same locality as the 
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SNOUT -UROSTYLE IN MM. 


Fic. 1. Internarial width divided by snout- 
urostyle length has been plotted against snout- 
urostyle length for ten Hyla avivoca (light symbols), 
ten Hyla versicolor (dark symbols), and two pre- 
sumed hybrids (dark centered symbols). All speci- 
mens are males from the same locality in Macon 
County, Alabama. 


hybrids exhibited a range of 29.6-34.7 mm. in 
snout-urostyle length,? with a mean of 32.2 mm., 
whereas ten versicolor males from the same place 
had a range of 35.5-40.8 mm., with a mean of 
39.0 mm. The hybrids measured 31.3 and 31.8 
mm. in snout-urostyle length, respectively, thus 
not only falling within the range of avivoca, but 
below the average for the series measured. 

Body proportions were also measured in an 
attempt to find differences between the two 
species. Measurements were made with vernier 
callipers to the nearest 0.1 mm., except for inter- 
narial width which was measured with an ocular 
micrometer to the nearest 0.05 mm. Of the various 
ratios, internarial width relative to snout- 
urostyle length seems to best separate the two 
forms. In Figure 1 this ratio expressed as the 
quotient of internarial width divided by snout- 
urostyle length has been plotted against snout- 
urostyle length for the two presumed hybrids, 
and for ten avivoca and ten versicolor males from 
the same locality. There is no overlap in this 
ratio between the two species series. Values ob- 
tained for the avivoca ranged from 0.0880- 
0.0963, with a mean of 0.0906, while those of the 
versicolor ranged from 0.0782-0.0864, with a 
mean of 0.0828. One hybrid gave a ratio of 0.0863, 
thus falling just within the range of versicolor, 


*Snout-urostyle length is a less variable (al- 
though slightly shorter) measurement for body 
length, and is therefore used in this study. 
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while the other hybrid gave a value of 0.0881, 
falling at the lower edge of the observed range of 
avivoca. If there is some decrease in this ratio 
with increase in size (as seems to be indicated), 
this second specimen may actually fall below the 
range of avivoca. On the basis of this measure- 
ment, therefore, the hybrid nature of the two 
specimens seems to be substantiated. Other 
proportions were more variable and gave less 
satisfactory results. The head of avivoca was found 
to be relatively more narrow than in versicolor, 
although there is considerable overlap between 
the two forms. This ratio, expressed as the 
quotient of head width over snout-urostyle 
length, was found to range from 0.375-0.398 
(mean 0.385) in the avivoca and 0.390-0.403 
(mean 0.398) in the versicolor. The first hybrid 
gave a value of 0.387 and the second 0.389. 
Thus, although both hybrids have heads which 
are slightly narrower to body than any of the 
versicolor measured, they still fall slightly above 
the mean for the avivoca. A peculiar condition 
was found with respect to tibio-fibula length in 
one of the hybrids. The ratio of tibio-fibula 
to snout-urostyle in the versicolor series was 
0.478-0.509 (mean 0.498) and 0.506-0.537 (mean 
0.522) in the avivoca. One hybrid gave a value of 
0.528, thus falling within the range of avivoca. 
In the second specimen, however, this ratio was 
0.569, falling so far outside of the range of either 
species that it must be regarded as definitely 
abnormal. One is tempted to attribute this con- 
dition to an unbalanced genotype resulting from 
hybridization. 

To summarize this analysis of characters, it 
seems clear that the presumed hybrids are 
closer in most features to Hyla avivoca than to 
Hyla versicolor, but the evidence of color and call 
for their hybrid nature is supported by the inter- 
narial width relative to body length. The greater 
number of features which normally distinguish 
species are polygenic in nature, and the F, 
hybrids generally tend to be intermediate in most 
characters between the parent species. For this 
reason it seems unlikely that the two specimens 
are F, hybrids, and it is more probable that they 
are later recombination products, possibly off- 
spring of a backcross from an F, to Hyla avivova. 
The fact that both specimens are collected at the 
restricted locality, are of approximately the 
same size, and agree closely in most characters, 
suggests that they are offspring of the same 
mating. 
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TABLE 1 
Crosses and controls involving Hyla versicolor, Hyla avivoca, and a presumed 
hybrid from Macon County, Alabama 
| - | “ lc | Mose- ag % Nor- | ie 
» | hh av- |Gastru- ss 
Female Mate Bes | em pears eee | re | eel 
| | Ponse lation opment 
H. versicolor No. 1 H. avivoca No. 1 60 | 2 | 23 23 23 23 «| «38.3 
H. versicolor No. 1 H. versicolor No. 1 7 75 | 75 | 74 74 72 | 96.0 
H. versicolor No. 2 H. avivoca No. 2 66 46 46 44 44 44 | 66.6 
H. versicolor No. 2 H. versicolor No. 2 110 110 110 109 108 108 98.2 
H. avivoca No. 1 H. versicolor No. 3 52 35 35 34 32 27 | 51.9 
H. versicolor No. Hybrid No. 1 67 26 25 24 22 21 | 31.3 
H. versicolor No. 2 82 54 54 51 50 49 59.8 


Hybrid No. 1 


INTERFERTILITY 


Crosses have been made between Hyla avivoca 
and Hyla versicolor in an effort to establish the 
degree of interfertility. These were made arti- 
ficially by squeezing eggs into sperm suspensions 
prepared by chopping up testes in three cc. of 
aged tap water. Results of these experiments 
have been summarized in Table 1. The cross 
between the versicolor female and avivoca male 
has been made twice, with normal development 
to the larval stage in 38.3% of the eggs in the 
first cross (versus 96.7% in the control) and in 
66.6% in the second cross (versus 98.2% in the 
control). Most of the reduction in development, 
however, was due to failure of fertilization, and 
almost all of the eggs which underwent cleavage 
continued development to the larval stage. A 
single cross was made between the avivoca 
female and versicolor male, with 51.9% of the 
eggs developing into normal larvae. Again most 
of the reduction in development was due to 
failure of fertilization, although a higher propor- 
tion of post-cleavage abnormalities appeared 
than in the reciprocal combination. Although 
this cross was uncontrolled, 51 out of 55 eggs 
from this same avivoca female underwent normal 
cleavage when fertilized with Hyla femoralis 
sperm. A number of offspring from both com- 
binations have been raised to metamorphosis 
without any evidence of abnormalities. Results 
of these crosses, therefore, demonstrate that the 
two species are capable of producing viable 
hybrids in both combinations, and although there 
is considerable reduction in the amount of 
normal development in either cross, most of this 
reduction is due to failure of fertilization rather 
than developmental incompatibility. 

Fertility of one of the hybrid males was tested 








with the two female Hyla versicolor mentioned 
above. Results obtained (also on Table 1) parallel 
those obtained with the same two females in 
crosses with Hyla avivoca, and tend to confirm the 
conclusion already reached on morphological 
grounds that these two specimens are too close 
to avivoca to be F, hybrids. 


CONCLUSIONS 


The characteristics of two tree frogs collected 
in mixed breeding aggregations of Hyla versicolor 
and Hyla avivoca (notably in call, pigmentation, 
and internarial width relative to body length) 
strongly indicate that the specinfens are the 
products of natural hybridization between the 
two species. The ability of versicolor and avivoca 
to produce viable hybrids is confirmed by labora- 
tory crosses which showed a considerable amount 
of normal development in both combinations. 
However, as already indicated, the presumed 
hybrids are closer in many features to avivoca 
than would be expected in F;’s, and it is reason- 
able to conclude that they represent progeny 
from a backcross of an F; (if not an even later 
recombination product) with avivoca. This being 
so, then introgressive hybridization must be 
taking place between the two species. 

This raises the question of the various isolating 
mechanisms which operate between Hyla avivoca 
and Hyla versicolor and their relative importance, 
as well as the factors which lead to their break- 
down in this particular instance. Hyla avivoca is 
sympatric throughout its range with the wider 
ranging versicolor, and geographic isolation, 
except possibly on a microgeographic level, is of 
no importance. The laboratory experiments have 
shown that gametic isolation (failure of fertiliza- 
tion) and possibly some hybrid inviability may 
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function in reproductive isolation but are only 
partly effective, and the same can probably be 
said for hybrid fertility (It is hoped that this 
latter point may be confirmed in the future with 
laboratory-raised hybrids). Although a difference 
in breeding season has been shown to be of im- 
portance in some anurans, two years of observa- 
tions in central Alabama indicate almost identi- 
cal breeding seasons for both species. Breeding 
activity in both forms is initiated early in April, 
reaches a peak in late April and May, and 
diminishes through the summer. The difference 
in size may tend to inhibit cross clasping to some 
extent, but there is some overlap in this feature 
and the discontinuity is not great enough to be 
more than partially effective. Some ecological 
isolation results from the selection of the breeding 
site. Hyla avivoca, as many workers have noted, 
is quite specific for wooded swampy areas, par- 
ticularly those with considerable undergrowth. 
Hyla versicolor is less specific, breeding in a 
variety of situations where shallow quiet water 
is available, although it tends to avoid large 
permanent swamps. On the upper coastal plain 
of Alabama swamps, although common, are 
rarely extensive, and it has been the writer’s 
experience that versicolor frequently breeds in 
company with avivoca in these situations. Hyla 
versicolor, on the other hand, breeds in a variety 
of habitats which are never invaded by avivoca. 
A difference in calling position at the pond may 
also be of importance as an isolating mechanism. 
Hyla avivoca males consistently call from a 
position above the ground (commonly three to 
six feet up) on a tree, shrub, or vine. Hyla versi- 
color may give the breeding call from well above 
the ground, particularly early in the evening, 
but as the chorus continues, they tend to move 
down and usually take a position close to or 
actually on the ground. The only other isolating 
mechanism which seems evident is that of the 
breeding call of the male. As has been pointed 
out (Blair, 1958; Bogert, 1958; Mecham, in 
press b), there are good reasons for believing 
that breeding call is of major importance as an 
isolating mechanism in Anura, and in view of 
the marked difference in call in this case, it would 
seem to be of considerable significance. 

Bearing in mind the possibility of other 
undetermined isolating factors, the various repro- 
ductive isolating mechanisms may be subjec- 
tively arranged in order to decreasing importance 
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(although not necessarily in order of effectiveness 
if brought into play) as follows: call, breeding 
site, calling position, size, and the various post- 
mating mechanisms (gametic isolation, hybrid 
inviability and sterility). Although none of these 
factors appears to be 100% effective by them- 
selves, it is obvious from the rarity of natural 
hybrids that a combination of these is sufficient 
to prevent cross breeding under most circum- 
stances. It is difficult to find any special explana- 
tion for the case of hybridization at hand. As 
Anderson (1949) and others have pointed out, 
cases of natural hybridization are frequently 
associated with a modification of the environ- 
ment which has led to a breakdown in ecological 
isolation. However, although it is difficult to 
evaluate the effects of the activities of man in 
this case, the habitat in which the hybrids were 
collected appears to be a relatively natural one. 
Similar situations where Hyla avivoca and Hyla 
versicolor may breed together are not rare and are 
probably nothing new to the region, and it there- 
fore seems reasonable that avivoca and versicolor 
have long coexisted under conditions of incom- 
plete ecological isolation with respect to breeding 
site. Perhaps this case of hybridization is the 
result of an unusually large mixed breeding 
aggregation at a restricted locality. Under such 
conditions visual or tactile contact solely through 
the agent of chance may sometimes overcome the 
isolating factors which normally prevent cross 
clasping between the species. Occasional hybridi- 
zation of this sort may be a “normal” condition 
of long standing between the two forms. 
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THE ALISMATACEAE OF THE CAROLINAS! 


By Ernest O. Beau 


Department of Botany, North Carolina State College, Raleigh, North Carolina 


In the process of preparing the section on the 
Alismataceae for the “Flora of the Carolinas’? 
and for the author’s anticipated “Marsh and 
Aquatic Flora of North Carolina” several ques- 
tions concerning the reliability of diagnostic 
features, the identity of taxa, and the relation- 
ships between certain taxa of the family have 
become obvious. The answers to a number of 
these questions in this classically difficult family 
require greater elaboration than will be possible 
in the floras proposed above. Hence this paper, 
in which the author’s concepts of the various 
taxa as developed through field and herbarium 
studies, are applied to the treatments of the 
family in Small (1909, 1933), Fernald (1950), and 
Pierce (1952) as well as to the specific treatments 
of Alisma L. (Samuelsson, 1932; Fernald, 1946; 
Hendricks, 1957) and Sagittaria L. (Smith, 
1894, 1895, 1899; Bogin, 1955). 

Three genera of the Alismataceae are recog- 
nized as occurring in the Carolinas; 1) Alisma 
L., 2) Echinodorus Rich., and 3) Sagittaria L. 
(including Lophotocarpus Th. Durand). These 
genera are differentiated not only by the classical 
features of floral morphology but also cytologi- 
cally. Alisma, the most primitive of the three, has 
been shown by Baldwin and Speese (1955) to 
have a base number of 7 chromosomes and to 
consist of diploid (2n = 14) and tetraploid 
(2n = 28) forms, with representatives of each 
occurring in both the Old and New Worlds. 
Both Echinodorus and Sagittaria (with the 
possible exception of S. subulata var. gracillima) 
have a base number of 11 chromosomes and 
contain only diploid forms (Baldwin & Speese; 
Bogin; Brown, 1946; Oleson, 1941). Conse- 
quently, Echinodorus and Sagittaria appear to be 
more closely related to each other than either 
does to Alisma. Literature reports of chromosome 
numbers for the recognized taxa are summarized 
in Table 1. 


1 Contribution from the Dept. of Botany and 
Bacteriology, North Carolina Agricultural Experi- 
ment Station. Published with the approval of the 
Director as Paper No. 1114 of the Journal Series. 

2 Project undertaken by the Department of 
Botany, University of N. C., Chapel Hill. 
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Chromosome morphology (Fig. 1), as indicated 
by the idiograms published by Brown and by 
Baldwin & Speese, provides another cytological 
clue as to the relationships of these three genera. 
Again, Alisma is distinctive. The diploid form 
(Fig. la) consists of five chromosomes with 
median centromeres and two chromosomes with 
subterminal centromeres. This idiogram is very 
similar to those of diploid and tetraploid Alisma 
published by Brown. Although both Echinodorus 
and Sagittaria have a diploid number of 22, the 
idiogram of the former (Fig. 1b) is readily dis- 
tinguished from the latter (Fig. lc & d) not only 
by the relative size and symmetry of the chromo- 
somes but also by the presence of two 
chromosomes with satellites. Moreover, the idio- 
gram of S. calycina var. spongiosa (as Lophoto- 
carpus spongiosus) (Fig. 1c) is also readily dis- 
tinguished by the relative size and symmetry of 
the chromosomes from the idiogram of S. eatoni 
(Fig. 1d), the latter considered by Baldwin & 
Speese as being typical of all fourteen taxa of 
Sagittaria investigated. 

The divergence of the idiogram of S. calycina 
var. spongiosa from those taxa typified by S. 
eatont certainly supports the recognition of 
“Lophotocarpus” on some level. However, in 
view of the absence of critical morphological dis- 
tinctions between Lophotocarpus and Sagittaria 
as discussed by Pichon (1945), Mason (1952) and 
Bogin, and in consideration of the relative simi- 
larity of their genomes, the author is inclined to 
follow Bogin’s treatment of these two taxa as 
subgenera of the genus Sagittaria. It should be 
pointed out, however, that S. subulata, treated 
under the subgenus Lophotocarpus by Bogin, is 
considered by Baldwin & Speese as one of the 
S. eatoni series on the basis of cytological evi- 
dence. Cytological studies of other taxa of sus- 
pected affinity to the subgenus Lophotocarpus 
are needed to determine its existence as a taxon, 
species composition, and rank. 

The synonymy in the following systematic 
treatment is not intended to be complete but 
represents those names which are either in general 
usage or essential to an understanding of nomen- 
clatural changes. The known distribution of each 
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taxon within the Carolinas is indicated by means 
of maps. Specimens are cited for only those taxa 
which are relatively rare or uncommon in the 
Carolinas. A summary of habitats and the known 
environmental conditions of pH and chloride 
content, as determined by field studies in the 
coastal plain of North Carolina, is presented in 
Table 1. 


Key TO THE GENERA OF ALISMATACEAE IN THE 
CAROLINAS 

1. Carpels attached to the receptacle in a ring; 
flowers all perfect; inflorescence paniculate; 
leaves never sagittate.............1. Alisma 

1. Carpels in dense heads; flowers perfect to im- 
perfect; inflorescence simple or paniculate; 
leaves with or without sagittate basal lobes. 

2. All flowers of the inflorescence perfect; 
carpels plump; head of achenes appearing 
bur-like when mature; inflorescence (in our 
species) simple, weak and decumbent, often 
rooting at the nodes; leaves never sagittate 

2. Echinodorus 

2. All of the upper flowers staminate (rarely 
pistillate), never perfect; carpels flattened; 
head of achenes smooth; inflorescence sim- 
ple to paniculate, erect; leaf blades often 
with sagittate bases......... 3. Sagittaria 


1. ALISMA L. 
Sp. Pl. 1: 342. 1753. 
Alisma subcordatum Raf. (Map 1) 
Med. Repos. 2: 5. 1808. 


Alisma parviflora Pursh, Fl. Am. Sept. 1: 253. 
1814. 
Alisma plantago 8 parviflorum (Pursh) Torr. FI. 


N. & Mid. U.S. 1: 382. 1824. 


Our southeastern plants are relatively uniform 
and seem quite distinct from the more northern, 
large-flowered species which is recognized as A. 
triviale Pursh by Fernald (1946) or as A. plantago- 
aquatica subsp. brevipes (Green) Samuelsson by 
Samuelsson (1932). On the basis of field observa- 
tions and in consideration of Voss’ (1958) 
criticism of Hendrick’s revision of Alisma, the 
recognition of our southeastern plants by 
Hendricks as A. plantago-aquatica var. parvi- 
florum (Pursh) Torr. seems untenable. 


2. ECHINODORUS Rich. 
Mem. Mus. Paris 1: 365. 1815. 


Echinodorus cordifolius (L.) Griseb. (Map 1) 
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Abh. Gesell. Wiss. Gottingen 7: 257. 1857. 


Alisma cordifolia L. Sp. Pl. 1: 343. 1753. 

Sagittaria radicans Nutt. Trans. Am. Philos. 
Soc. 5(n.s.): 159. 1837. 

Echinodorus radicans (Nutt.) Englem. ex Gray, 
Man. Bot. ed. 1. 460. 1848. 


Two easily distinguished species of Echinodorus 
occur in the United States; 1) the species of our 
area which is characterized by styles shorter 
than the ovary, recurved pedicels and a prostate 
scape which roots at the nodes, and 2) the species 
widespread throughout the United States except 
east of the Appalachians which is characterized 
by styles longer than the ovary, stiffly ascending 
pedicels and an erect scape. In recent years there 
has been some confusion as to which species the 
basionym provided by Linnaeus should apply. 
Since Linnaeus lists his “Alisma cordifolia’ as 
“Habitat in Virginia” it would seem that the more 
western erect-scaped plant is excluded. More posi- 
tive proof is provided, however, by the excellent 
illustration by Morison (1699, p. 618 and illust. 
in s. 15, t. 4, f. 6.), listed by Linnaeus in synonymy 
under A. cordifolia which is, without doubt, our 
prostrate-scaped plant. 


3. SAGITTARIA L. 
Sp. Pl. 2: 993. 1753. 


In the recent revision of Sagittaria by Clifford 
Bogin, 20 species with 9 subspecies and 12 vari- 
eties, totaling 36 taxa, are recognized. Of these, 9 
species with 6 subspecies and 9 varieties, totaling 
15 taxa, occur in the Carolinas. The author is 
familiar with most of these taxa not only through 
herbarium studies but also through field work in 
the Midwest and Southeast—especially in North 
Carolina, and does not accept Bogin’s treatment 
of the taxa which he places within S. montevidensis, 
S. lancifolia, S. graminea and S. engelmanniana. 

In the treatment to follow, 16 taxa are recog- 
nized (11 species including 9 varieties). Of these, 
S. montevidensis and S. graminea var. platyphylla 
were undoubtedly introduced and apparently 
have not survived as constituents of our flora. 
Another, S. fasciculata, is described as a new 
species based upon the characteristic plants in 
southwestern North Carolina which are er- 
roneously designated S. graminea var. macrocarpa 
by Bogin (p. 210) and S. macrocarpa by Small 
(1909, 1933). 

Specific arguments in support of the present 
treatment are made under the taxa concerned. 
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Olive Fig. 2 Fig. 3 
Fic. 1. a-d, Idiograms of metaphase chromosomes of the Alismataceae (redrawn from Baldwin & 
Speese, 1955, with permission) : a, Alisma subcordatum (diploid) ; b, Echinodorus cordifolius; c, Sagittaria 
calycina var. spongiosa (subgenus Lophotocarpus) ; d, Sagittaria eatoni (subgenus Sagittaria). 
Fig. 2. a-d, Achenes of Sagittaria: a, S. graminea var. graminea; b, S. teres; c, S. engelmanniana; d, 
S. longirostra. 
Fig. 3. a-b, S. fasciculata: a, achene; b, plant 
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Key To THE Taxa OF SacitraRia IN THE 
CAROLINAS 


1. Pedicels of lowest whorl of flowers recurved in 
fruit. 

2. Sepals of fertile flowers closely appressed in 
fruit; leaves sagittate or reduced to spongy 
phyllodia. 

3. Fertile flowers perfect; petals all white 

1. S. calycina var. spongiosa 

3. Fertile flowers without functional 
stamens; petals white with purple spot 
at base.... ..2. 8. montevidensis 

2. Sepals of fertile flowers spreading or re- 
curved in fruit; leaves ovate, linear or re- 
duced to phyllodia, rarely with basal lobes. 
4. Filaments glabrous; bracts connate at 

base; leaves represented by linear 

phyllodia, the floating ends occasionally 
with lanceolate to ovate blades. 

5. Plant usually dwarf, on mud or in 
shallow water; phyllodia linear, up to 
30 em long ......3a. 8. subulata 

var. subulata 

5. Plant elongate, in deep and flowing 
water; phyllodia linear, more than 30 
em long..... .3b. S. subulata 

var. gracillima 

4. Filaments pubescent; bracts strongly 
connate; leaves emersed and broadly to 
narrowly ovate, the blade rarely with 
basal lobes. 4c. S. graminea 

var. platyphylla 
1. Pedicels of lowest whorl of flowers ascending 
in fruit. 

6. Blades of mature leaves typically linear to 
ovate, without basal lobes, or reduced to 
terete phyllodia; filaments pubescent. 

7. Filaments dilated at base, about equal- 
ling or shorter than the anthers; bracts 
more or less connate, membranous; leaf 
blades membranous. 

8. Achenes with one median resin-duct 
over the embryonic surface and a pos- 
terior, crescent-shaped resin-duct at 
the base of the dorsal keel, rarely an 
anterior resin-duct. 

9. Median resin-duct large and club- 
shaped, twice the diameter of the 
posterior duct; pedicels of mature 
pistillate flowers 1-3.5 cm long; 
phyllodia 1 em or less in width, 
linear to lanceolate, with acute 
apices 

4a. S. graminea var. graminea 


a 


9. Median resin-duct linear, about 
the same diameter as posterior 
duct or ducts absent; pedicels of 
mature pistillate flowers usually at 
least 4 em long; phyllodia more 
than 1 cm wide, linear, with 
rounded and obtuse apices 

4b. S. graminea 

var. weatherbiana 

8. Achene with multiple median resin- 

ducts, a posterior resin-duct and com- 
monly an anterior resin-duct. 

10. Blades of the emersed leaves 
broad and spatulate; phyllodia 
flat; median resin-ducts compact, 
exhibiting a convoluted surface 
on mature achene 

5. S. fasciculata 

10. Blades of emersed leaves—if 
present—linear, less than 2 mm 
wide; phyllodia spongy, terete 
and gradually tapering; median 
resin-ducts distinct, often sepa- 
rated by lateral wings. .6. S. teres 

Filaments linear, much longer than the 
anthers; bracts united at base only, 
thickened; leaf blades coriaceous. 
11. Bracts and sepals not papillose 
7. S. lancifolia 
11. Bracts and sepals papillose 
8. S. falcata 


6. Blades of the mature leaves usually with 
basal lobes; filaments glabrous. 
12. Bracts thin and papery, obtuse; beak 


12. 





of mature achene projecting at right 
angle from body. 
13. Plant completely glabrous. 
14. Body of leaf blade variable in 
width, acute at apex 
9a. S. latifolia var. latifolia 
14. Body of leaf blade consistently 
broadly oval, obtuse at apex 
9b. S. latifolia var. obtusa 
13. Plant pubescent... .9c. S. latifolia 
var. pubescens 
Bracts firm, acuminate; beak of mature 
achene ascending to erect and arched. 
15. Lateral wing of mature achene ex- 
tending into beak; resin-ducts 
present; pistillate flowers confined 
to lower two whorls; pedicels thick; 
bracts shorter than pedicels; body 
of leaf blade lanceolate to narrowly 
elliptic. .....10. S. engelmanniana 

















Vay 


20ut 
rior 
s of 
y at 
nore 
vith 


nea 
ana 
sin- 
om- 


ives 
odia 
act, 
face 


lata 
—if 
mm 
rete 
lian 
pa- 
eres 
the 
nly, 


e 
olia 


cata 
vith 


eak 
ght 


> in 


olia 
tly 
x 
usa 
olia 
ens 
ure 
dd. 
ex- 
icts 
ned 
ick; 


wly 
ana 








1960] ALISMATACEAE OF THE CAROLINAS 73 


15. Lateral wing of mature achene con- 
fined to surface of fruit above 
embryo, ending abruptly, not con- 
fluent with beak; resin-ducts ab- 
sent; pistillate flowers more numer- 
ous; pedicels filiform, bracts about 
as long as or exceeding the pedicels; 
body of leaf blade narrowly elliptic 
to ovate...... 11. S. longirostra 


1. Sagittaria calycina Engelm. 
in Torr. Bot. Mex. Bound. Surv. 212. 1859. 
var. spongiosa Engelm. in Gray, Man. Bot. ed. 5. 
493. 1867. (Map 2) 


Lophotocarpus spongiosus (Engelm.) J. G. Sm. 
Ann. Rep. Missouri Bot. Gard. 11: 148. 1900. 
(p. 4 of separate issued on Sept. 27, 1899). 

Sagittaria montevidensis sensu Pierce in Gleason, 
New B. & B. Illus. Fl. 1: 91. 1952. in part, 
not Cham. & Schl. 

Sagittaria montevidensis subsp. spongiosa (En- 
gelm.) Bogin, Mem. N. Y. Bot. Gard. 9(2): 
198. 1955. 

Although Bogin considers “calycina”’ to be the 
North American representative of the South 
American S. montevidensis there seem to be 
several compelling reasons for maintaining its 
integrity as a species. First, according to Bogin’s 
treatment, true “montevidensis” is native only 
south of the equator and, although introduced 
along the Carolina and Gulf coasts, apparently 
does not persist as a part of our flora. Secondly, 
Bogin states that the petals bear a purple spot at 
the base and that functional stamens are typically 
absent in the fertile flowers—both features in con- 
trast with the all-white petals and perfect flowers 
of S. calycina. Thirdly, an examination of her- 
barium specimens reveals that the bracts are 
coriaceous and long-attenuate in contrast to the 
chartaceous, short, and obtuse bracts of S. 
calycina. 

Except for one specimen (small pond near 
Carrboro, R. E. Coker, Oct. 1931, NCU) which 
was probably introduced in Orange Co., North 
Carolina, all of our specimens are from the mud 
flats and marshes of Lake Mattamuskeet in Hyde 
Co., North Carolina. These specimens represent 
the southernmost station for the variety which is 
restricted to tidal areas along the northern half 
of the Atlantic Coast (Bogin, p. 199). Variety 
spongiosa usually produces spongy lanceolate 


phyllodia and rarely sagittate emersed leaves. The 
latter, however, are the more common in our 
plants. 

Variety spongiosa is very closely related to S. 
calycina var. calycina of the central United States, 
Mexico, and California from which it may be 
distinguished, at least tenuously, by achenes with 
beaks about half as long as the width of the body 
in contrast to the longer beaks characteristic of 
var. calycina. 


2. Sagittaria montevidensis Cham. & Schl. 
(Map 2) 
Linnaea 2: 156. 1827. 


One collection by G. McCarthy (No. XIV) 
from Wilmington, New Hanover Co., North 
Carolina in 1888 (NCU) appears to be the basis 
for the reported occurrence of this species in the 
Carolinas (Smith, 1894; Small, 1909, 1933). Ac- 
cording to Bogin (p. 196) “[S. montevidensis is] 
Adventive but apparently not persisting along 
the coast of southeastern United States.” It is 
doubtful, therefore, whether S. montevidensis 
exists in the Carolinas at present. 


3. Sagittaria subulata (L.) Buch. 
Abh. Nat. Ver. Brem. 2: 490. 1871. 


a. var. subulata (Map 3) 


The following collections are cited as an aid to 
field botanists interested in locating this rather 
uncommon plant of brackish pools, marshes, 
stream margins and mud flats of the lower coastal 
plain. 

NORTH CAROLINA: Columbus Co.: Edge of water 
n. shore of Lake Waccamaw, Blomquist & 
Schuster 16191, (DUKE). Craven Co.: Brackish 
pool near ject. of Brice’s Creek & Trent River, 
A. E. Radford 5833, (NCU) [numbered 5933 
(DUKE)]. Currituck Co.: Muddy shore along 
canal leading to Mackay Isl. from Old Coast 
Guard Station, Knotts Isl. Z£. O. Beal 3957, 
(NCSC); Marsh 3 mi. n. of Waterlily, A. E. Rad- 
ford 6584, (NCU); Shallow water near landing 
on North River w. of Powell’s Point, A. EZ. Rad- 
ford 5767, (NCU) Dare Co.: Pond edge, P. O. 
Schallert, (NCSC). Jones Co.: Marsh on Trent 
River, 1.5 mi. ne. of Pollocksville, A. E. Radford 
7339, (NCU). Pender Co.: Swamp forest on 
N. E. Cape Fear, 2 mi. n. of Rocky Pt. bridge, 
A. E. Radford 7405 (NCU). Perquimans Co.: 
Slightly brackish water at junction of Sutton’s 
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Creek and Perquimans River, A. E. Radford 
6534, (NCU); Perquimans River at Hertford, 
A. E. Radford 4688, (NCU). Tyrrell Co.: Shallow 
brackish water in Alligator River at Fort Land- 
ing, A. FE. Radford 4615, (NCU). 

An additional collection (DUKE) by P. O. 
Schallert with locality given as ‘““W-S”’, referring 
to Winston-Salem, is doubtful and not included 
on the distribution map. 


b. var. gracillima (S. Wats.) J. G. Sm. 
Mem. Torrey Bot. Cl. 5: 26. 1894. (Map 3) 


Sagittaria natans var. gracillima 8. Wats. in 
Gray, Man. Bot. ed. 6. 556. 1890. 

Collected in North Carolina by E. O. Beal & 
C. E. DePoe in deep and swiftly flowing “‘black- 
water” of Long Creek at N. C. Hwy. 210, 2.5 mi. 
e. of Montague on June 10, 1958 and again on 
Aug. 25, 1959 (nos. 3887 & 5523 respectively, 
NCSC). 


4. Sagittaria graminea Michx. 
Fl. Bor. Am. 2: 190. 1803. 


The following taxa, which are represented in 
our Carolina flora, are considered as varieties of 
S. graminea by Bogin: “graminea’’, “weather- 
biana”’, “‘platyphylla’’, ‘‘teres’’ and “fasciculata 
(as S. graminea var. macrocarpa)”’. The author 
has made an extensive examination of mature 
fruit of these taxa, excepting “platyphylla”’ which 
is known from one collection only in the Carolinas. 
The pattern of resin-ducts on the achene face is 
highly characteristic and, although not used in 
previous treatments, of diagnostic value. 

Achenes of var. graminea invariably bear one 
large median club-shaped resin-duct on each side 
immediately over the embryo and a_ second 
dorsal resin-duct of smaller diameter on each side 
at the base of the dorsal keel (Fig. 2a). Occasion- 
ally a third ventral resin-duct, located in front of 
the embryo area, is present on each side of the 
achene. The mature achenes of var. weatherbiana 
exhibit a similar resin-duct pattern, but the 
median resin-duct, when present, is of about the 
same diameter as the dorsal resin-duct. In many 
instances the resin-ducts are only partially de- 
veloped or completely absent in var. weatherbiana. 
Therefore, this taxon is considered as a variety 
of S. graminea showing some evolutionary ad- 
vancement over var. graminea. Resin-ducts were 
absent from the few mature achenes of var. 
platyphylla examined. Consequently, the author 
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has no basis for removing it from varietal status 
under S. graminea. 

The resin-duct pattern exhibited by the 
mature achenes of “teres”? and “fasciculata” 
differs markedly from the S. graminea pattern 
described above. In both “teres” and ‘‘fascicu- 
lata’’ the dorsal and ventral resin-ducts are pres- 
ent. The critical distinction occurs in relation to 
the median position in which there are always 
at least two and usually more resin-ducts (Figs. 2b 
and 3a), in many instances forming a contorted 
and fasciculated mass. Consequently, the author 
cannot visualize “teres” and “fasciculata” as 
varieties of S. graminea and returns each to 
specific rank. 

It should be noted also that the author has 
examined the mature achenes of Mohr’s “chap- 
manii’’ and Engelmann’s “cristata”, both con- 
sidered as varieties of S. graminea by Bogin. The 
diffusely-branched var. chapmanii (Mohr) J. G. 
Sm. falls into the resin-duct pattern character- 
istic of S. graminea. Sagittaria cristata Engelm.., 
however, has multiple median resin-ducts. There- 
fore, it is considered to be a distinct species which 
is closely related to S. teres and S. fasciculata. 

The degree of expression of facial wings on the 
achenes of S. graminea is very plastic and not 
considered to be of diagnostic value within the 
species. 

a. var. graminea (Map 4) 


Sagittaria graminea var. cycloptera J. G. Sm. Ann. 
Rep. Missouri Bot. Gard. 6: 52. 1895. (p. 26 
of separate issued May 24, 1894). 

Sagittaria macrocarpa J. G. Sm. Ann. Rep. 
Missouri Bot. Gard. 6: 53. 1895. (p. 27 of 
separate issued May 24, 1894). 

Sagittaria cycloptera (J. G. Sm.) Mohr, Bull. 
Torrey Cl. 24: 20. 1897. 

Sagittaria graminea var. macrocarpa (J. G. Sm.) 
Bogin, Mem. N. Y. Bot. Gard. 9(2): 210. 
1955. in part, as to holotype only. 

This variety is fairly common in neutral to 
slightly acidic, shallow, fresh or slightly brackish 
water of ponds and marshes (rarely in streams) 
throughout the lower coastal plain. 

The specific epithet, macrocarpa, is based upon 
a specimen collected by M. A. Curtis from 
“margins of ponds” in South Carolina. The 
holotype is in the Engelman Herbarium (MO) 
and has been examined by the author. It differs 
from typical S. graminea var. graminea in no way 
except in the size of achenes which are as much 
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as 3 mm in length in contrast to the usual length 
of 1.5-2.0 mm of var. graminea. However, speci- 
mens of var. graminea collected by the author in 
the coastal plain of North Carolina exhibit a range 
in achene size including 3 mm. Therefore, S. 
macrocarpa J. G. Sm. must be relegated to 
synonymy. 

Distinctions between this and the following 
variety are often tenuous (see key). 


b. var. weatherbiana (Fern.) Bogin, Mem. N. Y. 
Bot. Gard. 9(2): 209. 1955. (Map 4) 


Sagittaria weatherbiana Fern. Rhodora 37: 387. 
1935. 

This variety is common in the neutral to 
slightly acidic fresh or slightly brackish rivers, 
streams, swamps, and drainage ditches (seldom 
in ponds) throughout the central and lower 
coastal plain. In general, var. weatherbiana in- 
habits areas slightly more inland than does var. 
graminea. 


c. var. platyphylla Engelm. in Gray, Man. Bot. 
ed. 5. 494. 1867. (Map 4) 


Sagittaria platyphylla (Engelm.) J. G. Sm. Ann. 
Rep. Missouri Bot. Gard. 6: 55. 1895. (p. 29 

of separate issued May 24, 1894). 
One collection by D. 8. Correll (no. 5341) from 
a drainage canal near Summerville, Dorchester 
Co., South Carolina in 1936 (DUKE) represents 
the only known station for this taxon east of 
Mobile. The plant has probably been imported 
from the south-central states as a wildfowl food. 


5. Sagittaria fasciculata sp. nov. (Fig. 3, Map 5) 


Sagittaria macrocarpa sensu Small, N. Am. FI. 
17(1): 57. 1909. non J. G. Sm. 

Sagittaria graminea var. macrocarpa (J. G. Sm.) 
Bogin, Mem. N. Y. Bot. Gard. 9(2): 210. 
1955. pro parte, excluding holotype, non J. G. 
Sm. 

DESCRIPTION: Plantis emersis plerumque, 1.5-3.5 

dm altis, foliis spatulatis emersis, acutis, paulatim 

gradatis ad obtusum petiolum, phyllodiis non- 

nihil densatis, planis, lineatis-spatulatis; scapibus 
erectis, superemineatis foliis, cum 2-4 rotis 
florarum; bractis moderate connatis; filis dilatis, 

pubescentibus; achenis 2.5-3.5 x 1.3-2.0 mm, 

cum carina conspecta dorsa et crenata-cristata, 

vultibus inornatis aut cum 1-3 alis depressis et 

2-4 mediis canalibus resinae, rostro ascendante. 
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TYPE SPECIMEN: Sluggish streams, Biltmore, 
Biltmore Herbarium 897, May 26, 1896 (US). 
Duplicate specimens at MO & NY. 

TYPE LOCALITY: Buncombe Co., North Carolina. 

As explained under S. graminea var. graminea, 
Smith’s S. macrocarpa is a direct synonym of S. 
graminea var. graminea. Small (1909) and Bogin 
misapplied Smith’s name to the morphologically 
distinct and geographically isolated plants in 
southwestern North Carolina. Actually, the 
precedent for this misapplication was set by J. G. 
Smith, himself, in a letter to Wm. Trelease dated 
Feb. 17, 1899. A portion of the letter concerns the 
identity of “... No. 897b, Biltmore Herbarium, 
which I [J. G. Smith] take to be Sagittaria 
macroarpa [sic]. Smith explains further that 
“Curtiss’s [sic] specimen [i.e., holotype of S. 
macrocarpa] was the only one in any of the col- 
lections at the time I worked on the genus 
[Sagittaria, Smith, 1894], and while the Biltmore 
specimens seem to agree, I can not be at all sure 
of their identity. If it does not agree with macro- 
carpa, it is a new species and ought to be separated 
as such”. Despite his uncertainty, Smith labeled 
the Biltmore Herb. 897b specimen (MO no. 87374, 
letter attached) “‘Sagittaria macrocarpa J. G. 8.”’. 

Except for the holotype listed above, all of the 
specimens examined are from Henderson County, 
North Carolina: 

Wet mucky swamp along RR. n. of Hender- 
son [sic, Hendersonville], H. J. Oosting 3674, 
(DUKE); Flat Rock, Herb. Memminger, May 
1887 (NCU); East Flat Rock, in standing water, 
upland bog, Correll & Blomquist, June 6, 1936 
(DUKE); Wet, boggy ground, Blomquist & 
Cronce 16372, (DUKE); Swamp at East Flat 
Rock, Freeman 57253, (NCSC, NCU); In water 
of pasture swamp at East Flat Rock, D. Correll 
3359, (GH); Shallow water near Hendersonville, 
Biltmore Herb. 897b, (GH, MO, NY, US); Bog, 
East Flat Rock, 5 mi. s. of Hendersonville, Mary 
Caughey 682, (MO); Bog 1.5 mi. s. of Flat Rock, 
Wherry, May 30, 1927 (NY); Pool in open swamp 
along railroad 1 mi. s. of Flat Rock station, 
Wherry, July 17, 1932 (NY). 


6. Sagittaria teres S. Wats. (Map 5) 
in Gray, Man. Bot. ed. 6. 555. 1890. 
Sagittaria graminea var. teres (S. Wats.) Bogin, 
Mem. N. Y. Bot. Gard. 9(2): 209. 1955. 
An explanation for the recognition of S. teres 
on the species level is given under S. graminea 
var. graminea. 
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The following collections are cited as an aid to 
field botanists interested in locating this relatively 
rare plant of permanent, acidic, sandy bogs and 
ponds. 

NORTH CAROLINA: Bladen Co.: Margin of White 
Lake, Oosting 34102, (DUKE). Brunswick Co.: 
Sandy marsh, 1.25 mi. w. of Reave’s Pt., A. EZ. 
Radford 5827, (NCU); Bog on Orton Plantation 
road, 4 mi. from entrance, A. E. Radford 4296, 
(NCU); Margin of small pond, Marsh Branch, 
along River Road, n. of Southport, R. K. Godfrey 
49345, (NCSC); Small sand pond se. of Orton 
Pond, 0.5 mi. w. of “Old Brunswick Town”, 
Beal & DePoe 5504, (NCSC). Moore Co.: Ashe, 
June, 1897 (NCU). New Hanover Co.: Between 
Orton and Wilmington, Blomquist 5418, (DUKE); 
Silver Lake, R. K. Godfrey, 7-5-38 (NCSC). 
Scotland Co.: A “Carolina-Bay” depression 
permanently filled with water, sand bottom, E. 0. 
Beal 3097, (NCSC). 

SOUTH CAROLINA: Lexington Co.: 6 mi. s. of 
Columbia, R. K. Godfrey & R. M. Tryon, Jr. 
1245, (DUKE). 


7. Sagittaria lancifolia L. (Map 6) 
Syst. Nat. ed. 10. 2: 1270. 1759. 


The single Carolina specimen cited below repre- 
sents the northernmost station for the taxon. 

SOUTH CAROLINA: Horry Co.: Roadside ditch by 
pine woods at northern city limits of Myrtle 
Beach, C. R. Bell 7631, (NCU). 


8. Sagittaria falcata Pursh (Map 6) 
Fl. Am. Sept. 2: 397. 1814. 


Sagittaria lancifolia var. media Micheli in DC. 
Monogr. Phan. 3: 73. 1881. 
Sagittaria lancifolia var. falcata (Pursh) J. G. Sm. 
Mem. Torrey Cl. 5: 25. 1894. 
Sagittaria lancifolia subsp. media (Micheli) Bogin, 
Mem. N. Y. Bot. Gard. 9(2): 214. 1955. 
Bogin considers this taxon as a subspecies of S. 
lancifolia since “‘. . . intermediates commonly oc- 
cur in the areas where the subspecies overlap and 
occasionally far removed from these overlapping 
regions.”” However, since the key characteristics 
easily identify the Carolina plants and these “. . . 
bract and sepal characteristics . . . [are] correlated 
[with] geographical distribution” (Bogin, p. 217), 
the author prefers to recognize each on the species 
level. 
Sagittaria falcata is a large, very common, 
chloride-tolerant species of tidal marshes along 
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rivers, streams and ditches of the lower coastal 
plain. 


9. Sagittaria latifolia Willd. 
Sp. Pl. 4: 409. 1805. 
a. var. latifolia (Map 7) 


A relatively uncommon plant of low meadows, 
marshes, wet woodlands and margins of ponds 
and streams with a scattered distribution in the 
Carolinas but occurring chiefly in the coastal 
plain. 

Mason (1957, p. 119) considers this and the 
following variety to differ basically in the develop- 
mental pattern of leaves. He describes the leaves 
of var. latifolia as “Terminal lobe... acute or 
acuminate with no [sic, this “no” is obviously in 
error as illustrated by his fig. 52, p. 120] great 
seasonal variation.’ in contrast to the leaves of 
var. obtusa which are “. . . more or less constant in 
shape throughout the growing season, the termi- 
nal lobe . . . broadly obtuse.’”’ A similar situation 
exists in our plants. 


b. var. obtusa (Muhl. ex Willd.) Wieg. Rhodora 
27: 186. 1925. (Map 7) 


Sagittaria obtusa Muhl. ex Willd. Sp. Pl. 4: 409. 
1805. 
A plant of low meadows, marshes, wet wood- 
lands, margins of streams and roadside ditches of 
scattered distribution in the coastal plain. 


c. var. pubescens (Muhl.) J. G. Sm. Mem. 
Torrey Cl. 5: 25. 1894. (Map 7) 


Sagittaria pubescens Muhl. Cat. 86. 1813. 
Sagittarta ornithorhyncha Small, Man. South- 
eastern Fl. 25. 1933. 

A very common plant of low meadows, marshes, 
bogs, wet woodlands, margins of streams and 
ponds and roadside ditches throughout the 
Carolinas, being most abundant in the western 
counties, less abundant in the coastal plain, and 
almost absent from the lower piedmont. 


10. Sagittaria engelmanniana J. G. Sm. (Map 8) 
Mem. Torrey Cl. 5: 25. 1894. 

Pierce and Bogin consider this species to con- 
sist of three subspecies, 1) subsp. engelmanniana, 
2) subsp. longirostra and 3) subsp. brevirostra. Of 
these, the last is not present in the Carolinas. The 
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TABLE 2 
Comparison of S. engelmanniana and S. longirostra 


“engelmanniana”’ “longirostra”’ 


Diagnostic non-variable features (see Fig. 2, 


1. Resin-ducts present | 1. Resin-ducts absent. 
on face of achene. 

2. Posterior facial 2. 
wing extending into 


base of beak. 


Posterior facial wing 
restricted to surface 
of achene immedi- 
ately over embryo, 
ending abruptly, not 
extending onto base 
of beak. 


Typical features but variable (listed in order of 
increasing variability) 


Pistillate flower 
whorls more numer- 


ous. 


3. Pistillate flowers re- | 3. 
stricted to one or 
occasionally two 
whorls. 

4. Body of leaf blade 4. 
linear to lance-ovate. 


Body of leaf blade 
narrowly oval to 
broadly ovate. 

Body of leaf blade 
about as long as 
wide. 


5. Body of leaf blade 5. 
longer than wide. 


6. Pedicels thick. 6. Pedicels thin. 
7. Bracts shorter than | 7. Bracts about equal- 
pedicels. ling or longer than 
pedicels. 
8. Beak ascending. 8. Beak strongly as- 


cending or recurved. 


author is familiar with the first two taxa in the 
field and through an extensive examination of 
herbarium specimens and finds the features listed 
in Table 2 to be of diagnostic value. 

In addition to the morphological features, an 
examination of the distribution map for these two 
taxa (Map 8) shows that ‘‘engelmanniana”’ is re- 
stricted to a narrow belt on the margin of the 
acidic “black-water” area of southeastern North 
Carolina and adjacent South Carolina whereas 
“longirostra” is more wide-ranging in near- 
neutral waters. 

It would seem that Bogin’s treatment of these 
taxa as subspecies of S. engelmanniana should be 
proven by an examination of “A completely inter- 
grading series between subsp. engelmanniana and 
longirostra .. . demonstrated by Godfrey & Tryon 
1477 and 147714, both of which represent a single 


[May 


collection.”’ (Bogin, p. 224). The author hes ex- 
amined the specimens of R. K. Godfrey & R. M. 
Tryon, Jr., nos. 1477, 1477a, 1477b, and 1477c 
(Dr. Tryon reports that he does not use the “4” 
in his numbering system), which are cited below. 
The only variation present in these plants con- 
cerns the reduction of, or absence of, basal lobes 
of the leaf blades—a feature that is characteristic 
of “engelmanniana”’ as Bogin recognizes in the 
same paragraph from which the above quote was 
taken. 

In consideration of the data presented above, 
the author feels that these two taxa must be 
recognized on the species level and that any 
difficulty in differentiating between S. engelman- 
niana and S. longirostra is due either to inade- 
quate observation or undue dependence upon un- 
reliable features. 

The following collections are cited as an aid to 
field botanists interested in locating this much 
overlooked plant of acidic waters in low pocosins, 
bogs and margins of lakes and streams. 

NORTH CAROLINA: Craven Co.: Pine Tree 
Swamp, 4 mi. e. of Askin, E. O. Beal 4422, 
(NCSC). Harnett Co.: Open bog. Pineview, H. 
Laing 1541, (NCU). Hoke Co.: Pocosin border, 
1.8 mi. w. of Montrose on Mountain Creek, H. E. 
Ahles 33780, (NCU). Moore Co.: Sandy bog on 
US 1, 1 mi. n. of Aberdeen, A. E. Radford 4495, 
(NCU). Scotland Co.: Shore of Gum Swamp Lake, 
5.3 mi. n. of Laurel Hill, E. O. Beal 1614, (NCSC); 
Stream, 2 mi. wsw. of Old Hundred on US 74, H. 
E. Ahles 36977, (NCU). 

SOUTH CAROLINA: Clarendon Co.: Colclough 
Pond, 13 mi. sw. of Manning, R. K. Godfrey & R. 
M. Tryon, Jr. 1477, -a, -b, -c, (GH: 1477 only; 
NY, US). Fresh-water marsh, 4.4 mi. s. of St. 
Paul, A. E. Radford 28120, (NCU). Kershaw Co.: 
Fresh-water marsh, Jumping Gulley Creek, 6.2 
mi. nw. of Bethume, A. EZ. Radford 30099, 
(NCU). Lee Co.: In shallow water near U. 8. 
Hwy. 15, about 1 mi. n. of DuBose, O. M. Free- 
man 56795, (NCU). 


11. Sagittaria longirostra (Micheli) 
J. G. Sm. (Map 8) 
Mem. Torrey Cl. 5: 26. 1894. 


Sagittaria sagittifolia var. longirostra Micheli in 
DC. Monogr. Phan. 3: 69. 1881. 

Sagittaria longirostra australis J. G.Sm.in Mohr, 
Bull. Torrey Cl. 24: 19. 1897. 
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Sagittaria australis (J. G. Sm.) Small, Fl. South- 
eastern U.S. 46. 1903. 

Sagittaria engelmanniana subsp. longirostra (Mi- 
cheli) Bogin, Mem. N. Y. Bot. Gard. 9(2): 
223. 1955. 

Arguments in support of recognizing this taxon 
on the specific level are given under the preceding 
species. 

This species is common in near-neutral water 
of low meadows, marshes, bogs, swamps, pond 
margins, and ditches in the piedmont of North 
Carolina and local in South Carolina. 
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THE NOMENCLATURAL STATUS OF ARISTOLOCHIA SERPENTARIA 
VAR. NASHII 


By Rosert L. WILBUR 


Department of Botany, Duke University, Durham, North Carolina 


In the preceding number of this Journal, 
Ahles (1959) published the new varietal com- 
bination, Aristolochia serpentaria var. nashii, 
(mistakenly referred to as A. hastata var. nashii 
elsewhere in the same article). Ahles claimed 
that the prior varietal name, <A. serpentaria 
var. hastata, is illegitimate. Although I am now 
unable to vouch for the taxonomic merit of this 
variant to formal varietal status, I can attest 
the legitimacy of the name, A. serpentaria 
var. hastata. 

The more pertinent apparent synonymy of the 
proposed variant follows: 

Aristolochia hastata Nutt., Gen. N. Am. Pl. 

2: 200. 1818 but not of HBK., Nov. Gen. & 
Sp. 2: 148. 1817. 

Aristolochia serpentaria 6 [var.] hastata Duch- 
artre, DC. Prodr. 15: 434. 1864. 

Aristolochia nashii Kearney, Bull. Torr. Bot. 
Club 21: 485. 1894. 

Aristolochia serpentaria var. nashii (Kearney) 
Ahles, Jour. Elisha Mitch. Soc. 75: 130. 
1959. 

It is true, as Ahles contends, that a varietal 
combination based upon A. hastata Nutt. would 
be illegitimate since its basionym would be a 
later homonym of A. hastata HBK. Although 
Nuttall’s binomial was cited in synonymy by 
Duchartre, there is nothing in the latter account 
that requires us to conclude that a new combina- 
tion was made. We must conclude that a new 
name was published by Duchartre. 

The provision of the International Code 
(Lanjouw, 1956) that most directly applies to 
such a problem is Article 72 and in particular 
its appended note and example. These are 
quoted below: 

ARTICLE 72 

In cases foreseen in Articles 63-71, the name 
or epithet to be rejected is replaced by the 
oldest legitimate name or (in a combination) by 


the oldest available legitimate epithet. If none 
exists, a new name or epithet much be chosen. 


Note. When a new epithet is required, an author 
may, if he wishes, adopt an epithet previously 
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given to the taxon in an illegitimate name; if 
there is no obstacle to its employment in the new 
position or sense; the epithet in the resultant 
combination is treated as new. 


Example: The name Talinum polyandrum 
Hook. (Bot. Mag. pl. 4833. 1855) is illegitimate, 
being a later homonym of 7’. polyandrum Ruiz. & 
Pav. (Syst. Fl. Per. 1: 115. 1798.): when Bentham 
transferred T. polyandrum Hook. to Calandrinia, 
he called it Calandrinia polyandra (Fl. Austr. 
1: 172. 1863). The epithet polyandra in this 
combination is treated as new, dating from 1863, 
and the binomial should be written Calandrinia 
polyandra Benth., not C. polyandra (Hook.) - 
Benth. 

From our own flora other examples could be 
presented which illustrate the same point such 
as either Desmodium rotundifolium or D. lineatum. 
Both of these names are attributed solely to 
De Candolle, omitting any parenthetical reference 
to Michaux whose binomials, although cited by 
De Candolle, were both indicated by him as 
being later homonyms. 

There was actually no distinction made by 
De Candolle and by most other nineteenth 
century authors in their published names be- 
tween those that we now treat as new combina- 
tions and those treated as new names. The clue 
now provided by double citation of authorities 
is a comparatively recent development as is the 
indication ‘comb. nov.” Many of the earlier 
workers had their own rules and these varied 
from worker to worker or from institution to 
institution (e.g., the “Kew Rule” or the “Berlin 
Rule”). Since these earlier workers often were 
operating with highly individualistic notions of 
nomenclature which frequently differ markedly 
from our own, it would be needlessly complex 
and usually pointless to interpret their published 
names in light of their own rules. In practice in 
cases of this type we actually apply our present 
Code to the names of earlier authors as follows: 

1. if, by our Code, a new combination legiti- 

mately could have been made, we credit 
the author with a new combination, citing 
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parenthetically the author of the original 
epithet; or 

2. if the name accompanying the original 
description of the taxon is illegitimate 
according to the provisions of our present 
Code, then the epithet (either specific or 
infraspecific) when used by a later author 
is treated as new. There is of course no 
parenthetical authority cited; the date of 
publication for the name of the entity is 
that of the second author. 

Returning to Aristolochia, it may be con- 

cluded from the above principles that: 

1. if the plant first described by Nuttall is 
indeed worthy of varietal status, it should 
be known as A. serpentaria var. hastata 
Duchartre; and 

2. there should be no parenthetical reference 
to Nuttall as is done by Fernald (1950; 


p. 565) since the variety originated with 
Duchartre and for the purposes of nomencla- 
ture the epithet did also; and 

3. hence the recently proposed varietal com- 
bination A. serpentaria var. nashii is super- 
fluous. 
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THE VASCULAR FLORA OF HIGH MOUNTAIN COMMUNITIES OF 
THE SOUTHERN APPALACHIANS! 


By GeorGeE 8S. RaMsEUR 


Department of Biology, The University of the South, Sewanee, Tennessee 


The spruce-fir forest of the higher peaks and 
ridges of the Southern Appalachian Mountains is 
similar in growth form to the northern conifer 
forest which is centered in southeastern Canada 
(Oosting, 1948). This southern extension is unique 
in that Fraser’s fir, Abies fraseri (Pursh) Poir., 
takes the place of balsam fir, Abies balsamea (L.) 
Mill., as the species co-dominant with red spruce, 
Picea rubens Sarg. Not only is the southern 
spruce-fir forest located a great distance from the 
main body, but also it is broken up into several 
isolated areas. Since the main forest is located in 
an area which was formerly covered by a sheet 
of ice (Fernald, 1931), its ancestral form must 
have occupied a southern area (Harshberger, 
1903; Cain, 1930). The isolation, the antiquity, 
and the possibility of geographical relationships 
to the northern conifer forest suggested that a 
study of the southern spruce-fir forest region 
would be worthwhile. 

The Southern Appalachian Mountain region 
has attracted botanists for many years. Botanical 
explorations to the mountains probably started 
with William Bartram in 1776. He was followed 
by: Andre Michaux, 1787 and 1794; Fraser, 1789; 
Lyon, probably before 1802; F. A. Michaux, 
1802; Nuttall, 1816; Gray, 1841; Buckley, 1842; 
Rugel, 1842; Sullivant, 1843; and Dow, 1844 
(Curtis, 1860; Harshberger, 1899). Of M. A. 
Curtis, a North Carolina botanist, Asa Gray 
(1841) said, “No living botanist is so well ac- 
quainted with the vegetation of the Southern 
Alleghany Mountains or has explored those of 
North Carolina so extensively as Reverend M. A. 
Curtis.” 

These early botanists discovered and named 
many new plants from this region. During the 


1 This paper is part of a thesis submitted to the 
Faculty of the University of North Carolina in 
partial fulfillment of the requirements for the 
degree of Doctor of Philosophy in the Department 
of Botany. I wish to express my sincere apprecia- 
tion to Dr. A. E. Radford who directed this study. 
Grateful acknowledgment is also made for a grant- 
in-aid from the National Science Foundation 
administered through the Highlands Biological 
Station, Ine. 
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period from the close of the War Between the 
States and the early 1900’s, the search for high 
mountain plants was led by Ashe and Harbison. 
Heller (1891) and Small and Heller (1892) also 
explored the high mountain region. 

In 1903 John W. Harshberger published an 
ecological study of Roan Mountain, Grandfather 
Mountain, and the Mt. Mitchell area. In more 
recent years other broad ecological studies have 
been made of various areas. These include work 
on Roan Mountain by Brown (1941) on the 
Black Mountains by Davis (1930), and in the 
Smoky Mountains by Whittaker (1956) and 
Crandall (1958). 

The establishment of a national park in the 
Great Smoky Mountains saved most of the forest 
from the devastation of lumbering and fire which 
have destroyed much of the spruce-fir forest of 
the other areas. The Smoky Mountains area has 
become a center for the study of southern mouns 
tain vegetation. One of the most prolific worker- 
in this area has been Stanley A. Cain (1930, 1945). 
His studies deal primarily with the ecology and 
phytogeography of this area. Camp (1931, 1936) 
has made several studies in this area, including 
one on grass balds (1931). Oosting and Billings 
(1951) in a comparison of the spruce-fir forests 
of the northern and southern Appalachian sys- 
tem, found the southern Appalachian forest to be 
distinct, but yet a part of the boreal forest for- 
mation (Northern Conifer Forest). The grass 
balds of the region have been studied by Wells 
(1936, 1937) and Mark (1958, 1959). It is note- 
worthy that only these studies of balds have 
dealt with the three largest mountain areas—the 
Black Mountains, the Balsam Mountains, and 
the Great Smoky Mountains. The Balsam Moun- 
tains have received very little attention from the 
botanists of the past. 

The four objectives of the present study were: 
to make a taxonomic study of the entire southern 
spruce-fir region; to compare the flora of the 
various isolated areas; to study the stages of 
succession leading to the climax spruce-fir forest; 
and to study the geographical ranges of the 
dominant species. 
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Field studies and collections were made during 
the summers of 1956 and 1957, and in June of 
1958. Visits to the areas were timed so that the 
early, middle and late summer plants could be 
adequately sampled. A series of nested quadrats 
(10 x 10 meters for canopy, 4 x 4 meters for under- 
story, and 2 x 2 meters for floorcover) was plotted 
and sampled in each community. A total of 162 
quadrats was studied. Canopy trees were studied 
for percentage composition, relative size and age. 
Soil from the different communities was tested 


for pH. 


LOCATION OF THE REGION 


For purposes of this study, the high mountain 
region includes all areas of the Southern Appa- 
lachians which have either a well developed 
spruce-fir forest or a significant area above an 
elevation of 5500 feet. This is about the average 
elevation for the zone of transition between the 
spruce-fir forest and the deciduous forest. In this 
region there are ten areas isolated by gaps which 
are believed to provide climatic barriers (See 
Figures 1 and 2). These areas are the higher peaks 
and ridges of: 

1. The Great Smoky Mountains 
. The Plott Balsam Mountains 
. The Balsam Mountains 
. Pisgah Ridge 
. The Great Craggy Mountains 

6. The Black Mountains 

7. Roan Mountain 

8. Grandfather Mountain 

9. Whitetop Mountain 

10. Mt. Rogers 

These mountains may be pictured as forming 
a triangle with the Unaka Range on the north- 
western side, the Blue Ridge on the southeastern 
side and the Plott Balsams, Balsams, and Pisgah 
Ridge on the southwestern side. Along the North 
Carolina-Tennessee border the Unaka Range in- 
cludes the Smokies and Roan Mountain, and in 
southwestern Virginia includes the Balsam Moun- 
tains. (The name “Balsam Mountains”’ is applied 
to a range in Virginia as well as the previously 
noted range in North Carolina.) Only one high 
peak, Grandfather Mountain, is located on the 
Blue Ridge. The Black Mountains and the 
Craggy Mountains are considered as cross ranges 
between the Unakas and the Blue Ridge. 

The scattered locations of the ten high moun- 
tain areas are shown in Figure 1. Figure 2 shows 
a profile passing through these areas and the 
intervening valleys. 


ore W dD 


VASCULAR FLORA OF SOUTHERN APPALACHIANS 83 


TOPOGRAPHY 


These ancient mountains have passed through 
several cycles of uplift and erosion (King and 
Stupka, 1950). With this complex origin, it is not 
possible to give a general description for the 
whole area. Most of these mountains are sub- 
dued, with generally rounded domes covered by 
a mantle of decayed rock which is usually forested 
(Fenneman, 1938). Several localized areas such 
as Mt. LeConte and Grandfather Mountain pre- 
sent a more rugged profile. 

The extent and altitudes of the separate areas 
are shown in Table 1. 

One of the outstanding features of this region 
is the drainage pattern. The high mountain 
springs are widely spaced, but abundantly flow- 
ing, even in the drier seasons. The resulting 
streams are widely spaced, giving a coarse drain- 
age pattern (Fenneman, 1938). This large area of 
high rainfall and abundant cloud cover is an im- 
portant watershed. The divide is formed by the 
Blue Ridge, which is one of the lower mountain 
formations. With only two small exceptions, the 
waters of this region flow into the tributaries of 
the Tennessee River. The exceptions are the 
southern slopes of the Balsam Mountains of Vir- 
ginia, which flow into the Ohio River via the New 
River, and the western and southern slopes of 
Grandfather Mountain (on the Blue Ridge) which 
flow into tributaries of the Catawba. 


GEOLOGY 


Geologically the high mountain areas may be 
grouped into five units. The Great Smoky Moun- 
tains and the Plott Balsam Mountains are formed 
of the Great Smokies Conglomerate, a graywacke 
sandstone and conglomerate in thick graded beds 
with interbeds of slate (Stuckey, 1958). Areas of 
exposed slate are found in the Mt. LeConte area, 
around the Jump Off and on Laurel Top. The 
Balsam Mountains, Mt. Pisgah, and the Black 
Mountains are formed of Mica gneiss, chiefly 
mica gneiss including mica schist and a variety 
of other gneisses and schists. The Great Craggy 
Mountains and Roan Mountain are Hornblende 
gneiss, chiefly hornblende gneiss and schist with 
interbeds of mica schist. Grandfather Mountain 
in the Blue Ridge is a part of the Unicoi forma- 
tion, predominantly sandstone, quartzite and 
conglomerate with interbedded shale and slate 
(Stuckey, 1958). Mt. Rogers and Whitetop Moun- 
tain of the Balsam Mountains of Virginia are 
formed of aporhyolite, altered rhyolitic lava 
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TABLE 1 
Comparison of the high mountain areas* 
No. of areas above | Area in square miles above bee om An | diet tes Highest | % of total 
High Mountain Area | | oo | high mtn. 
See a ae oa ] | | (in 'feet)| region 
5500’ | 6000’ | 6500’ | 5500’ 6000’ | 6500’ | 6000’ | 6500’ | 6000’ | 6500’ | 
|, |_| _|_ | 
Smokies........ 10 | 12 | 3 |189 |3.5 | .16 | 19 | 5 |12.0|1.3 | 6642| 40.42 
Plott Balsams 1 4 2.2 | 0.14 5 | 1.5 | 6292 | 4.7 
Balsams...... 20 11 11.34 | 0.6 15 4.5 | 6410 | 24.3 
Mt. Pisgah... 1 0.02 | | | 5720; = .04 
Craggies 1 1 0.76 | 0.006 1 | 0.1 6080 | 1.56 
Blacks. . 5 416 9.56 | 3.17 15 21 | §& 10.5 | 1.5 | 6684! 20.5 
Roan...... 3 2 3.4 | 0.74 7 | 3.0 6285 | 7.24 
Grandfather 1 0.42 | 5964 | 9 
Whitetop. 1 0.01 | 5520 | .02 
Mt. Rogers 3 | 0.15 | 5720; —-«.32 
Total 46 | 34 | 8 | 46.76/ 8.156! .31 | 68 | 10 | 31.6| 2.8 100. 
* Data obtained from maps published by the U. 8S. Geological Survey, Washington, D. C. 


(Nelson, 1928). In an area of very thin soil on 
Whitetop Mountain, a rock sample gave a pH 
reading of 8.0. The overlying soil gave a reading 
of 4.0. Readings of soil pH throughout the region 
were generally about 4.5, but ranged from 4 in 
the spruce-fir forest to 5.5 in a shrubby deciduous 
forest. 


CLIMATOLOGY 


The climatic data for the high mountain region 
is limited since there is only one weather station 
in the high mountains. In 1914 a weather station 
was established on Mt. Mitchell at an elevation 
of 6635 feet. This station was moved to nearby 
Clingmans Peak (elevation 6525 feet) in 1953, 
but the station did not change its name. The 
record for the earlier years is incomplete since the 
station was not always manned during the winter 
months. 

In Table 2 weather data from this station are 
compared with those from two other stations at 
lower altitudes. The climatic variations of these 
stations are influenced by the location of sur- 
rounding ridges and valleys as well as altitude. 


PLANT COMMUNITIES? 


GENERAL 


The vegetation of the high mountain region of 
the Southern Appalachians is composed of several 


2 (Community and climax concepts of Oosting, 
1948.) 





TABLE 2 
Summary of weather data through 1964 
(from Carney, 1956) 








Station Mt. Mitchell Highlands | Morganton 
Elevation (ft.) 6635 3350 1135 
Temperature (°F) 

Te eee ef 40.3 43.1 

* er pi. 59.2 70.4 77.2 

Maximum......... 87 97 106 

Minimum.........| —21 —5 —10 
Precipitation (ins.) 

Annual av........ 71.20 | 79.77 50.64 
Growing season 

UD < atante acces 128 190 


178 





different communities. The climatic climax com- 
munity is the spruce-fir forest, but in many areas 
the forest has been removed by fires following 
lumbering. These areas are now occupied by 
secondary succession communities dominated by 
fire cherry, Prunus pensylvanica L.f. Several 
anomalous communities occupy small portions of 
the high mountain region. The presence of grass 
balds, heath balds, shrub balds, and beech gaps 
has not been explained fully, although several 
studies have been made of these areas. In this 
study they are considered to be subclimax or 
postclimax communities. Roadsides, trails, and 
campsite areas are disclimax communities which 
are maintained by mowing and seeding. 
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DESCRIPTION OF COMMUNITIES 
1. Spruce-fir forest community 


The spruce-fir forest reaches its maximum de- 
velopment at altitudes of about 6000 feet. Here 
spruce and fir make up 95 % or more of the canopy 
trees. Mountain ash, Sorbus americana Marsh., 
and yellow birch, Betula lutea Michx. f., are 
usually present but only rarely do they reach the 
canopy. Fire cherry, Prunus pensylvanica L.f., is 
occasionally found as a canopy tree, probably a 
relic from a minor disturbance. At lower eleva- 
tions near the transition zone, beech, Fagus 
grandifolia Ehrh., and Sarviceberry, Amelanchier 
laevis Wieg., are sometimes found as canopy trees. 
The southern range of paper birch, Betula papy- 
rifera var. cordifolia (Regel) Fern., is limited to 
the Black Mountains. Here it forms a canopy tree 
but is rare. 

The ratio of spruce to fir is variable, but there 
is a general correlation to altitude with spruce 
dominating at lower elevations, fir dominating 
at higher elevations. The use of number of trees 
to determine dominance of fir over spruce is 
misleading since spruce is a much larger tree. 
Separate studies of trees on Clingmans Dome and 
Mt. Mitchell reveal that the spruce trees of a 
mature stand have twice the trunk diameter of 
fir trees. This also correlates with the size record 
trees for the Great Smoky Mountains National 
Park—a circumference of 14’ 1” for spruce, 6’ 7”” 
for fir (King and Stupka, 1950). Studies of annual 
rings of sawed stumps and cores obtained with a 
fourteen inch increment borer revealed that fir 
trees rarely are over 150 years old, but spruce 
trees are frequently over 300 years old. 

The understory of the spruce-fir forest forms 
an uneven layer. Various sized seedlings of the 
canopy species are abundant. Vaccinium erythro- 
carpum’® and Viburnum alnifolium are usually 
present. Sambucus pubens and Rubus canadensis 
are frequently where there has been a slight 
opening in the canopy. 

The dominant herbaceous plants are the ferns, 
Dryopteris austriaca and Athyrium filix-femina. 
Oxalis acetosella is usually abundant. Other 
herbaceous plants usually found, but not in 
dense stands, are as follows: Clintonia borealis, 
Aster acuminatus, Aster chlorolepis, Trillium erec- 
tum, Arisaema triphyllum and Chelone lyoni. 


’ Authorities for species names are included 
with plant names in the catalog of vascular plants. 
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Plants frequently found are Impatiens pallida, 
Euptorium rugosum, Streptopus roseus, Lycopo- 
dium lucidulum, Polypodium virginianum (on 
rocks) and Viola blanda (in moist areas). 

An extensive spruce-fir forest is found in the 
Smokies. Although a few well-developed stands 
remain on the Black Mountains, the Balsam 
Mountains, the Plott Balsams, and Mt. Rogers, 
most of the forest of these areas has been removed 
by lumbering and fire. The limited spruce-fir 
forest on Roan Mountain has suffered from 
lumbering in the past and continues to be dis- 
turbed by the annual Christmas tree selling 
program. The small high area of Grandfather 
Mountain has so many rugged, exposed cliffs that 
the spruce-fir forest present has little chance of 
reaching a full development. Fir is absent from 
the Craggies and Mt. Pisgah, although both of 
these areas are well within the altitudinal range 
for this species. Spruce is present but only as 
scattered trees. A well-developed spruce forest is 
found on Whitetop Mountain. Although it has 
the general features of a spruce-fir forest, fir is not 
found there. 

Several stands of spruce are found along the 
lower altitudinal limit of the spruce-fir forest. 
One isolated stand is found near Soco Bald on the 
edge of the Smokies. One distinctive feature of the 
Whitetop Mountain spruce forest is the small 
size of the trees. A portion of the spruce forest was 
being cut at the time the area was studied. 
Growth ring counts of recently cut stumps 
showed that the growth of the larger trees had 
practically stopped, although no tree was found 
to be as much as 150 years old and none was as 
large as two feet in diameter. Several of the 
larger trees were dead. A timber cuter explained 
that this was ‘“‘white spruce’’, the sawed lumber 
differing in “texture and color’ from the red 
spruce he had cut from the larger trees in West 
Virginia. Trees in this stand have ben reported 
as black spruce (Picea mariana B.S. & P.) (Coker 
and Totten, 1945). The cones of the trees exam- 
ined did not appear significantly different from 
those of the red spruce. Perhaps the difference in 
growth habit may be attributed to ecological 
factors. 

The statement that spruce is dominant at 
lower altitudes and fir dominant at higher alti- 
tudes must be taken as a generality. In a mature 
spruce-fir stand at an elevation of 5550 feet near 
Double Springs Gap spruce trees were slightly 
outnumbered by fir. This stand is at the southern 
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limit of the spruce-fir forest in the Smokies. 
Percentage composition studies near the summit 
of Clingmans Dome and in two stands near the 
summit of Mt. Mitchell show spruce to represent 
from 14-18% of the canopy trees. A rather ex- 
tensive pure fir stand is found on top of Mt. Le- 
Conte. 


2. Fire cherry community 


The vast areas of secondary succession com- 
munities of the Balsam and Black mountains are 
the result of man’s destructive activity. In the 
early 1900’s lumbermen moved into these areas 
and began cutting the trees for timber and pulp. 
Some idea of the magnitude of these lumbering 
operations is still visible today in the extensive 
railroad beds and lumber-camp sites. During the 
exceptionally dry spring of 1916, fires swept over 
these lumbered areas (Holmes, 1918). The dried 
out soil, the slashings from the cut trees, and the 
reproductive vegetation were largely consumed. 

Smaller fires have occurred throughout the 
region since that time. A rather extensive fire 
burned over the western ridge of the Balsam 
Mountains about 20 years ago. In the Smokies, 
fires have burned areas in the vicinity of Mt. 
Buckley, Dry Sluice Gap, and Big Cataloochee. 
In 1946 a plane crashed into the ridge just west of 
Clingmans Dome and a small area was severely 
damaged. The most recent fire in the high moun- 
tain region occurred on the west ridge of Water- 
rock Knob about three years before the area was 
studied. 

The great variety of plant associations found in 
the various areas of the fire cherry community is 
due in part to differences in the extent and sever- 
ity of the forces which destroyed the original 
vegetation. Another important factor is location 
in relation to a seed-supplying source. One of the 
most prominent secondary succession plants is 
fire cherry, Prunus pensylvanica. It is associated 
with several other dominant plants in a series of 
communities. The six communities of this devel- 
opmental series are described below. The subtle 
change in species composition and the general 
abundance of fire cherry give considerable uni- 
formity to the series. For this reason, these six 
communities are referred to collectively as the 
fire cherry community in this study. 

Early fire cherry community. Fire cherry is 
singly dominant only during the earlier stages of 
secondary succession. In the Waterrock Knob 
area that was burned three years ago, large fire 
cherry seedlings are scattered throughout the 
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area. Blackberry, Rubus canadensis, is also 
abundant but in localized stands. Woody plant 
seedlings include Sambucus pubens, Diervilla 
sessilifolia, Betula lutea, Sorbus americana, Rho- 
dodendron catawbiense, Abies fraseri, and Acer 
rubrum. The most abundant plant is the liver- 
wort, Marchantia polymorpha L. Frequently oc- 
curring herbaceous plants are Eupatorium pur- 
pureum, Aster acuminatus, Carex brunnescens, and 
Senecio aureus. Rarer species are Hieracium 
ptlosella, Phytolacca americana, and Erigeron 
annuus. There is a considerable amount of open 
ground. 

In the area near Clingmans Dome, which was 
burned over 10 years ago, fire cherry is still 
dominant. In this area the trees are about 10 feet 
tall and up to three inches in diameter. This 
stand is more dense than the one described above, 
but the canopy is still about half open. There are 
no very small trees or seedlings of fire cherry. 
The absence of fire cherry seedlings from 
all of the older successional communities indicates 
that seedlings may be established only during the 
first few years after fire. Sambucus pubens is the 
only shrub species represented. Blackberries 
are abundant but do not form a definite under- 
story. The herbaceous species which are fairly 
abundant are: Athyrium filix-femina, Angelica 
triquinata, Impatiens pallida, Carex intumescens, 
Cinna latifolia and Poa alsodes. A few plants of 
Oxalis montana and Clintonia borealis are present, 
even though they are not usually found in the 
fire cherry community. Their presence may be 
attributed to the fact that the disturbed area is 
small and surrounded by a spruce-fir forest. 

The remaining fire cherry communities will be 
discussed in general terms, since the different 
stands show considerable variation, especially 
in the content of herbaceous species. 

Fire cherry-blackberry community. As a fire 
cherry community, such as the one just dis- 
cussed, becomes older, the fire cherry trees de- 
crease in numbers as evidenced by the presence 
of dead trees and snags and absence of seedlings. 
Blackberry forms an understory layer which, in 
extreme forms, may allow very little light to 
reach the ground. Clusters of small trees and 
shrubs such as Sorbus americana, Acer spica- 
tum, Amelanchier laevis, Salix humilis, Sam- 
bucus pubens, Vaccinium corymbosum, Vaccinium 
erythrocarpum, Kalmia latifolia, Rhododendron 
catawbiense, Diervilla sessilifolia and Ribes rotun- 
difolium may rise above the understory as 
scattered humps. 
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Fire cherry-heath community. The species found 
in this community are similar to the one above. 
The relative scarcity of blackberry and greater 
abundance of shrubs, especially Rhododendron 
and Vaccinium make this a distinctive com- 
munity. 

Heath-weed community. This community seems 
to be an extension of the fire cherry-heath or the 
fire cherry-blackberry community. Here most of 
the fire cherry trees have died and blackberry is 
rare. The clusters of shrubs and trees are larger, 
and occupy from one third to two thirds of the 
community. The remainder of the area is covered 
by a number of different plants. Veratrum viride 
is dominant in localized areas in early summer, 
and Angelica triquinata is widespread as the 
dominant late summer species. Solidago glomerata 
is usually abundant. In some stands great clusters 
of ferns are found—usually Athyrium filiz- 
femina, but in some stands this species is mixed 
with Dennstaedtia punctilobula. Numerous other 
species are commonly found, but they are either 
scattered or their dominance is limited to very 
small areas. This community is best developed on 
exposed ridges. 

Fire cherry-weed community. This community 
probably follows the fire cherry community. 
Here blackberry does not form a prominent part 
of the community, and the heath and other 
shrubs are more scattered than in the heath-weed 
community. The fire cherry trees may vary 
considerably in size from one stand to another. 
Although the trees are usually scattered, they do 
not seem to be dying out as was noted in the 
fire cherry-blackberry community. Herbaceous 
species are similar to those in the heath-weed 
community. This community is also associated 
with exposed ridges. 

Fire cherry-yellow birch community. Perhaps the 
most widespread secondary succession commu- 
nity is the fire cherry-yellow birch community. 
This community was not observed in a young 
stage, but limited age studies indicate that yellow 
birch may not appear in the community until 
sometime after fire cherry is established. Yellow 
birch is usually dominant over fire cherry, and 
there is more variation in its size. Acer spicatum 
is usually present in the community but scat- 
tered. Sorbis americana, spruce, and fir are occa- 
sionally found, the latter two as small trees or 
seedlings. In the Black Mountains, paper birch 
is usually found scattered among the yellow 
birch. 

Blackberry is fairly abundant, especially in the 
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Fig. 3. A summary of secondary succession 
communities of the high mountain region and 
their probable relationship. 


more open stands. Diervilla sessilifolia, Ribes 
rotundifolium, Ribes glandulosum, and Vaccinium 
erythrocarpum are usually found. Rhododendron 
maximum is scattered at lower elevations and 
Rhododendron catawbiense is scattered in the 
higher stands. The hybrid, Rhododendron xX 
wellesleyanum, is found at 5600 feet in this com- 
munity (Ramseur, 1959). Other scattered shrubs 
are Viburnum alnifolium, Sambucus pubens, Vibur- 
num cassinoides, and Cornus alternifolia. Some of 
the frequently found herbaceous species are: 
Aster chlorolepis, Luzula acuminata, Eupatorium 
rugosum, Impatiens pallida, Cheloni lyoni, Athyr- 
ium filix-femina, Dryopteris austriaca, and Carex 
laxiflora. The fire cherry-yellow birch community 
is best developed on gentle protected slopes or 
coves. Usually the fire cherry trees are about 
four inches in diameter and the yellow birch are 
four to six inches in diameter. In several isolated 
stands, however, both species form trees up to 
about eight to ten inches in diameter. 

Figure 3 is a summary of secondary succession 
communities of the high mountain region and 
their probable relationship. 


3. Grass bald community 


Several studies of grass balds have been re- 
ported (Camp, 1931; Wells, 1936, 1937; Mark, 
1958; et. al.). Most of these balds are found at 
lower elevations (below 5500 feet). It is stated by 
Billings and Mark (1958) that the balds are an 
ecotonal phenomena associated with the forest 





















90 





margin. For these reasons, the present study of 
these balds was limited to observations and an 
enumeration of vascular plant species. Visits 
were made to all of the high mountain balds 
included in the study by Wells (1937) and to two 
balds—Judaculla Fields and a bald on Whitetop 
Mountin—which were not studied by Wells or 
Mark (1958). 

A comparison of Andrews Bald with the photo- 
graph and descripion by Wells (1937) indicates 
that considerable invasion by spruce, fir and 
shrubby species has occurred in the past 32 years. 
(Wells states that he visited the area in 1925.) 
Cold Mountain Bald appears much as it was 
described by Wells. The other balds either show 
evidence of grazing with little change in form or 
they show signs of invasion. 

The highest grass bald observed was Judaculla 
Fields (near Richland Balsam Mountain) which 
has an upper border at an elevation of about 6200 
feet. This is an extensive bald with very few 
shrubby species. Several large trees of Crataegus 
are found on the bald proper. Fringes of spruce-fir 
extend into the bald along the lower border. 
Invasion by spruce-fir is evident only near the 
borders. Angelica triquinata, which is a late- 
summer dominant on Andrews Bald and in open 
secondary succession areas, was not observed on 
an August 1 visit to this bald. A large number of 
herbaceous species were present including many 
composites, grasses and carices. The history of 
this bald is not known, but there is no evidence 
of recent grazing. 

On the ridge northwest from the top of White- 
top Mountain is a small grass bald. A few scat- 
tered shrubs and spruce trees are present. Older 
trees located several yards from the present 
border of the bald have large limbs near the 
ground—evidence of an encroachment upon the 
bald by the spruce forest. There is no indication 
of grazing on the bald although a number of 
sheep were observed grazing on the open southern 
slope of the mountain. Potentilla tridentata is 
abundant throughout the bald area. 

General observations of a number of balds 
indicate that there is a great fluctuation in domi- 
nant species from spring to summer. Wells (1937) 
stressed the dominance of the mountain oat 
grass (Danthonia compressa). Although this grass 
is still abundant, a number of other herbaceous 
plants are now also plentiful and, in combination, 


dominate many of the bald areas. 
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4. Heath bald community 


The term heath bald is applied to any treeless 
area dominated by plants of the Ericales (Cain, 
1930). There are two types of heath balds in the 
high mountain region—the heath slick and the 
Rhododendron garden. The heath slicks are 
found on steep exposed ridges in the Mt. Le- 
Conte-Laurel Top vicinity of the Smokies. These 
balds are generally limited in extent and asso- 
ciated with exposed slate. Cain (1930) described 
six heath balds on Mt. LeConte. They are domi- 
nated by Rhododendron carolinianum, which 
usually forms extensive uninterrupted “slicks’’. 
The other type of heath bald is found on Roan 
Mountain and the Craggies. Here extensive 
stands of heath bald may cover gaps, siopes, and 
summits. The dense clusters of heath, dominated 
by Rhododendron catawbiense are often separated 
by bands of low growth of a grass bald form. 
These Rhododendron gardens are tourist attrac- 
tions, but the influence of man in maintaining 
this community is not known. 

In some areas it appears that typical heath 
bald shrubs are invading grass balds. Where this 
invasion is extensive, the resulting vegetation is 
difficult to classify as either heath bald or grass 
bald. 


5. Shrub bald community 

The shrub bald community has some aspects of 
the intermediate grass-heath bald vegetation but 
differs in that shrubby trees of species usually 
associated with lower elevations are numerous. 
This community is limited to certain areas of 
Cold Mountain, Mt. Pisgah, and Craggy Dome. 
These stands are dominated by a combination 
of species including Fagus grandifolia, Betula 
lutea, Quercus borealis, Amelanchier laevis, Casta- 
nea dentata, Fraxinus sp., Pinus rigida, Cornus 
alternifolia and Corylus cornuta. 


6. Beech forest community 


The beech forest community of the high 
mountains is confined to certain gaps along the 
ridges of the Smokies and the Balsams. Russell 
(1953) suggests that these forests are maintained 
by wind. Beech (Fagus grandifolia) is usually a 
component of the deciduous forest which borders 
the lower altitudinal limit of the spruce-fir forest. 

On the south ridge of Black Mountain (in the 
Balsams) a beech forest extends from an eleva- 
tion of about 5750 feet down to Black Mountain 
Gap which is about 5500 feet. This stand is 
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dominated by beech trees up to 14 inches in 
diameter. Buckeye (Aesculus octandra) makes up 
about five per cent of the canopy. Beech seedlings 
or root suckers are frequent, and a few seedlings 
of spruce are present. Shrubs are rare, but 
Sambucus pubens and Sorbus americana are pres- 
ent. The more abundant herbaceous species are 
Eupatorium rugosum, Aster acuminatus, Aster 
chlorolepis, Carex brunnescens, Luzula acuminata 
and Laportea candensis. 

Other beech stands observed are smaller in 
size and the trees are considerably smaller. One 
striking feature of the beech stands is the abrupt 
transition line which separates them from the 
surrounding spruce-fir forest. 

A shrubby deciduous community dominated by 
beech is found on the exposed summits of Cold 
Mountain, Mt. Pisgah, and Craggy Dome. This 
community also differs from the beech forest in 
that it is not associated with gaps nor with the 
spruce-fir forest, but with a shrub bald or heath 
bald. The presence on these high mountains of 
beech and other species normally associated with 
lower elevations is exceptional. Perhaps the long 
steep slopes and general absence of intermediate 
peaks and ridges do not allow an altitudinal 
stratification of the climate. 


7. Disclimax communities 


No attempt was made to analyze areas of 
vegetation which are altered by man. Specimens 
were collected from these continually disturbed 
areas to see what introduced species had become 
established. The rather frequent use of horses on 
the trails of the Smokies provides an opportunity 
for the introduction of numerous seeds of some 
weed and crop species. 


8. Transition 


Specimens were collected from the transition 
zone between the spruce-fir forest and the decid- 
uous forest when it occurred at elevations above 
5500 feet. 

Fioristic Discussion 
GENERAL 

A total of 3707 specimens were collected for 
this study. These represent 63 families, 214 
genera and 391 species and varieties. The most 
abundantly represented family is Compositae 
with 26 genera and 59 species. Carex, with 18 


species, is the largest genus. Nearly half (30) of 
the families are represented by only one genus. 
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TABLE 3 


Floristic summary—major categories 





No. of | No. of No. of 


Category Families | Genera Species 
Pteridophytes........| 4 An ¢ 17 
Gymnosperms......... 1 5 8 
Angiosperms..........| 58 | 198 366 

Monocotyledons.... 10 | 44 95 
Dicotyledons........ 48 154 271 


Total vascular plants 63 | 214 391 





The following 10 families, with number of 
genera and number of species, represent over 
half of the genera and species: Gramineae, 14, 31; 
Cyperaceae, 3, 20; Liliaceae, 18, 27; Ranuncula- 
ceae, 9, 17; Rosaceae, 13, 22; Violaceae, 1, 10; 
Umbelliferae, 9, 11; Ericaceae, 10, 20; Scrophu- 
lariaceae, 8, 12; Compositae, 26, 59. 

The representation of major classification 
categories (Fernald, 1950) is summarized in 
Table 3. 

Of the 10 high mountain areas, the Balsam 
Mountains area, with 265 species, is best repre- 
sented in the collections (See Table 5). This is the 
only area in which all of the eight community 
types are present. 

The following species are found in all 10 of the 
mountain areas: Athyrium filix-femina, Polypo- 
dium virginianum, Picea rubens, Carex brun- 
nescens, Arisaema triphyllum, Maianthemum 
canadense, Betula lutea, Rubus canadensis, Sorbus 
americana, Vaccinium erythrocarpum, Viburnum 
alnifolium, Sambucus pubens, Eupatorium rugo- 
sum, Aster chlorolepis. 

The following species are found in nine of the 
high mountain areas: Dryopteris austriaca, Clin- 
tonia borealis, Fagus grandifolia, Ribes rotundifo- 
lium, Ribes glandulosum, Amelanchier laevis, 
Potentilla canadensis, Prunus pensylvanica, Oxalis 
acetosella, Acer spicatum, Rhododendron mazxi- 
mum, Menziesia pilosa, Vaccinium corymbosum, 
Houstonia serpyllifolia, Aster acuminatus, Hiera- 
cium pratense. 

The following species are found in seven or 
eight of the high mountain areas: Abies fraseri, 
Danthonia compressa, Carex intumescens, Luzula 
echinata, Veratrum viride, Trillium erectum, Tril- 
lium undulatum, Rumex acetosella, Trautvetteria 
caroliniensis, Saxifraga michauxii, Heuchera vil- 
losa, Aronia melanocarpa, Fragaria virginiana, 
Ilex montana, Impatiens pallida, Viola cucullata, 
Viola blanda, Angelica triquinata, Cornus alterni- 
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TABLE 4 
Floristic summary—communities 
as preg ere 
Community \aeni &. | Genes | Heath | Shrub | Beech | Disclimax sone Total 
ee 
Vascular plants....... 145 | 201 | 236 102 | 128 | 30 | & | 178 | 391 
Angiosperms... 131 1833 | 22 | @8 | 16 | @ 84 | 167 «| 366 
Dicotyledons 87 135 | 166 76 98 |; 15 61 | 122 ; 271 
Monocotyledons.....| 44 48 6 | 17 | 33 | 10 23 | 45 | 95 
Gymnosperms........ 4 4 6 | 2 1 2 4 8 
Pteridophytes 10 14 S | 7 1 3 7 17 
Trees 18 20 21 10 13 5 20 28 
Shrubs 19 28 30 24 26 2 3 24 | 40 
108 153 185 68 89 23 80 134 323 


Herbs 


folia, Rhododendron catawbiense, Kalmia latifolia, 
Solidago glomerata, Achillea millefolium, Chrysan- 
themum leucanthemum. 

A total of 127 species is found in only one of the 
high mountain areas, and 84 species are found in 
only two areas. The Balsam Mountains area, 
which has the largest number of species, also 
has the largest number of species (35) which are 
found in only one high mountain area. 

More species (236) are found in the grass bald 
communities than any other (See Table 4). This 
fact is more striking when one realizes the very 
small portion of the total high mountain areas 
occupied by these communities (certinly less 
than five per cent). No one species is found in all 
eight communities. Three of the communities—dis- 
climax, transition zone, and beech forest—are 
included in this study due to a geographic (alti- 
tudinal) affinity rather than one of floristics. 

The following species are found in all of the 
other communities: Dryopteris austricaca, Athyr- 
tum filix-femina, Picea rubens, Deschampsia 
flexuosa, Carex brunnescens, Carex debilis, Luzula 
echinata, Fagus grandifolia, Heuchera villosa, 
Hydrangea arborescens, Ribes rotundifolium, Aro- 
nia melanocarpa, Amelanchier laevis, Rubus 
canadensis, Prunus pensylvanica, Sorbus ameri- 
cana, Ilex montana, Acer spicatum, Viola blanda, 
Angelica triquinata, Cornus alternifolia, Rhodo- 
dendron catawbiense, Menziesia pilosa, Vaccinium 
erythrocarpum, Vaccinium corymbosum, Galax 
aphylla, Houstonia longifolia, Houstonia serpylli- 
folia, Diervilla sessilifolia, Viburnum alnifolium, 
Viburnum cassinoides, Sambucus pubens, Eupa- 
torium rugosum, Solidago glomerata, Aster chloro- 
lepis, Aster acuminatus. 

One hundred and ten species are found in both 
the spruce-fir and the fire cherry communities. A 








total of one hundred and three species is found 
in only one community. 


COMPARISON OF THE TEN HIGH MOUNTAIN AREAS 


An attempt to compare the vegetation of the 
different high mountain areas by a study of the 
catalogue or the floristic summary in Table 5 
may be misleading since they do not show relative 
abundance of the various species. The fact that 
only a small number of species is common to all 
or most of the areas is offset by the fact that some 
of these species make up a large percentage of the 
total number of plants in each area. The species 
which are found in only one area usually make up 
a small percentage of the total number of plants 
in the areas where they are found. 

These variations in number of species and 
relative abundance explain the general uniformity 
of the flora, although there is a difference in 
number of species found in the various areas. 

The change of vegetation from one community 
to another is only of local interest since the 
spruce-fir forest and fire cherry communities 
occupy more than 90 per cent of the high moun- 
tain region. These two communities share a num- 
ber of common species—nearly 75 per cent of 
the species found in the spruce-fir forest are also 
found in the fire cherry community. The absence 
of these two communities from Cold Mountain, 
in the Balsam Mountains area, Mt. Pisgah, and 
the Craggies, suggests that these areas are atypi- 
cal. These areas are discussed in connection with 
the beech forest previously mentioned. 

There are differences among some of the other 
areas which give those areas distinctive floras. 
Senecio rugelia is endemic to the Smokies where it 
forms a conspicuous part of the flora. Paper birch, 
Betula papyrifera var. cordifolia, in the southern 
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VASCULAR FLORA OF SOUTHERN APPALACHIANS 





TABLE 5 





Plott 
balsams 
| 


Area Smokies 


| | | 
| Balsams | Pisgah eet Blacks | Roan 
| 


Floristic summary—areas 


Grand- |y- Mt. 
father |Whitetop | Rogers Total 


| 





Vascular plants. . 201 107 | 265 | 124 
Angiosperms...... 194 | 100 244 114 

Dicotyledons....; 138 | 76 175 86 

Monocotyledons.| 56 | 24 69 28 
Gymnosperms..... | 5 | 2 6 4 
Pteridophytes..... ll 5 15 6 
, ee 20 12 22 16 
eee 22 18 33 25 
eee 168 77 210 83 











106 | 139 | 112 67 82 | 49 | 391 
98 | 130 | 105 58 76 | 43 | 366 
69 90 | 82 44 58 | 29 | 271 
29 40 | 23 14 18 | 14 | 95 
1 3 4 2 1 i> 
7 6 3 6 5 4 | 17 
9 14 | 13 7 11 10 | 28 
18 20 | 16 12 9 7 | 4 
79 9% | 83 47 62 32 | 323 

















high mountain region is limited to the Black 
Mountains. Here it is scattered throughout most 
of the area. There are two species on Roan Moun- 
tain which have disjunct northern ranges but 
are not found in other southern high mountain 
areas. These are Alnus crispa and Arenaria 
groenlandica. Grass balds and heath balds occupy 
a larger portion of the total area on Roan than 
on any other high mountain area. 


PLANT GEOGRAPHY 


A study of the ranges of individual species 
indicate that the high mountain flora is com- 
posed of several geographical elements. These 
elements are considered here only in terms of 
general range centers since a number of species 
are found in scattered areas some distance from 
their main distribution. The constant reports of 
range extensions in local flora studies indicate 
that our knowledge of plant distribution is far 
from complete. 

The following categories are recognized in this 
study: 

1. Southern Appalachian species 

2. Appalachian species 

3. Northern species extending southward only 
in the uplands or mountains 

4. Northern species of general distribution but 
near their southern limit 

5. Southern species near their northern limit 

6. Species which are widespread in eastern 
North America 

7. Introduced species 

1. Southern Appalachian species. This cate- 
gory includes species which may extend as far 
northward as West Virginia or as far westward as 
the Ozark Plateau, but most of which have more 
localized ranges. One local endemic, Calamagros- 


tis caini, is found only near the summit of Mt. 
LeConte in the Smokies. Senecio rugelia is re- 
stricted to the Great Smoky Mountains. Glyceria 
nubigena is reported from outside the Smokies for 
the first time in this study. It was found in the 
Balsam Mountains. Several species which are 
abundant and widespread in the higher moun- 
tains are Abies frasert, Rhododendron catawbiense, 
Vaccinium erythrocarpum, and Diervilla sessili- 
folia. Species which are scattered and rare include 
Geum radiatum, Tsuga caroliniana, and Krigia 
montana. Other Southern Appalachian species 
are listed below. Carex ruthit, Melanthium parvi- 
florum, Silene ovata, Clematis viorna, Thalictrum 
clavatum, Diphylleia cymosa, Cardamine clemati- 
tis, Parnassia asarifolia, Saxifraga michauzii, 
Heuchera villosa, Geum geniculatum, Hypericum 
mitchellianum, Hypericum graveolens, Hypericum 
buckleyti, Rhododendron carolinianum, Rhododen- 
dron X wellesleyanum, Pieris floribunda, Leucothoe 
editorum, Galax aphylla, Cuscuta rostrata, Stachys 
clingmaniit, Pycnanthemum montanum, Chelone 
lyoni, Penstemon smallii, Houstonia montana, 
Eupatorium rugosum var. roanense, Solidago 
curtisiit, Solidago roanensis, Solidago glomerata, 
Prenanthes cylindrica. 

Leiophyllum buzxifolium is included in this 
group for convenience, but it probably deserves 
a separate category. The taxonomic treatment of 
this plant has been variable, but it is here treated 
as a single species. It is associated with the 
Southern Appalachians, including eastern Ken- 
tucky, and with the coastal plain and sandy pine- 
barrens from South Carolina to New Jersey. 

2. Appalachian species. Species of this category 
are associated with the Appalachian range, but 
do not extend into Canada. The following species 
are included: Asplenium montanum, Poa cuspi- 
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data, Carex aestivalis, Listera smallii, Paronychia 
Aconitum uncinatum, Cimicifuga 
americana, Sedum telephivides, Angelica tri- 
quinata, Rhododendron calendulaceum, Rhododen- 
dron arborescens, Menziesia pilosa, Asclepias 
exaltata, Penstemon canescens, Aureolaria laevi- 
gata, Galium latifolium, Houstonia serpyllifolia. 

3. Northern species extending southward only 
in the uplands or mountains. These species 
generally have a wide range in Canada and the 
northern United States, but are limited to the 
uplands and mountains in the Southern Appala- 
chians. Several species have widely disjunct 
ranges. Betula papyrifera var. cordifolia in its 
northern range extends southward to northern 
New York and New England. A southern range 
includes the main ridge of the Black Mountains. 
Alnus crispa has a northern range similar to that 
of Betula papyrifera var. cordifolia, but its south- 
ern range is limited to Roan Mountain. Scirpus 
cespitosus in its northern range extends from the 
Arctic region to the mountains of northern New 
York and northern New England. Its southern 
range is western North Carolina, eastern Tennes- 
see and northern Georgia. This species is also 
found in Europe. The American plant is slightly 
different and may be distinguished as Scirpus 
cespitosus var. callosus Bigel. Juncus trifidus 
is found from Greenland to the higher mountains 
of New England and New York. It is also found 
in the higher mountains of Euresia. In the 
southern range it is found in Virginia and North 
Carolina. The southern plants may be designated 
as Juncus trifidus var. monanthos (Jacq.) Bluff. 
and Fing. 

Other northern species include: Lycopodium 
clavatum, Lycopodium tristachyum, Dryopteris 
austriaca, Tsuga canadensis, Picea rubens, Pinus 
strobus, Pinus rigida, Glyceria melicaria, Poa 
alsodes, Danthonia compressa, Calamagrostis cana- 
densis, Agrostis borealis, Cinna latifolia, Carex 
brunnescens, Carex pensylvanica, Carex communis, 
Carex scabrata, Carex gracillima, Juncus brevi- 
caudatus, Veratrum viride, Allium cernuum, 
Allium tricoccum, Lilium philadelphicum, Clinto- 
nia borealis, Clintonia umbellulata, Maianthemum 
canadense, Streptopus roseus, Polygonatum pubes- 
cens, Trillium erectum, Trillium grandiflorum, Tril- 
lium undulatum, Smilax herbacea, Sisyrinchium 
montanum, Habenaria psycodes, Comptonia pere- 
grina, Betula lutea, Polygonum cilinode, Claytonia 
caroliniana, Arenaria groenlandica, Caulophyllum 


argyrocoma, 
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thalictroides, Tiarella cordifolia, Ribes rotundifo- 
lium, Ribes glandulosum, Potentilla tridentata, 
Rubes idaesu var. canadensis, Rubus canadensis, 
Agrimonia gryposepala, Prunus pensylvanica, Sor- 
bus americana, Oxalis acetosella, Acer spicatum, 
Acer pensylvanicum, Viola pallens, Viola incognita, 
Viola blanda, Viola rotundifolia, Epilobium 
angustifolium, Circaea alpina, Rhododendron max- 
imum, Monarda didyma, Melampyrum lineare, 
Diervilla lonicera, Viburnum alnifolium, Vibur- 
num cassinoides, Sambucus pubens, Aster chloro- 
lepis, Aster macrophyllus, Aster acuminatus, 
Aster umbellatus, Cirsium muticum, Hieracium 
scabrum. 

4. Northern species of general distribution 
but near their southern limit. The following 
species are included in this category: Lycopodium 
lucidulum, Lycopodium obscurum, Lycopodium 
complanatum, Osmunda claytoniana, Cystopteris 
fragilis, Dennstaedtia punctilobula, Polypodium 
virginianum, Carex normalis, Carex crinita, 
Luzula acuminata, Smilacina racemosa, Medeola 
virginiana, Smilax herbacea, Sisyrinchium mu- 
cronatum, Corylus cornuta, Silene virginica, 
Ranunculus recurvatus, Thalictrum polyganum, 
Anemone quinquefolia, Physocarpus opulifolius, 
Aruncus dioicus, Gillenia trifoliata, Aronia 
melanocarpa, Amelanchier laevis, Crataegus punc- 
tata, Fragaria virginiana, Potentilla monspelien- 
sis, Rubus odoratus, Geranium maculatum, Ilex 
montana, Acer saccharum, Aesculus octandra, 
Impatiens pallida, Tilia americana, Hypericum 
canadense, Viola pedata, Viola cucullata, Viola 
cucullata X sagittata, Oenothera tetragona, Aralia 
nudicaulis, Osmorhiza claytoni, Zizia aptera, 
Heracleum lanatum, Lysimachia quadrifolia, Gen- 
tiana puberula, Gentiana andrewsit, Asclepias 
exaltata, Monarda clinopodia, Blephilia hirsuta, 
Lobelia spicata, Eupatorium rugosum, Solidago 
bicolor, Solidago erecta, Solidago arguta, Aster 
lowrieanus, Aster prenanthoides, Aster lateriflorus, 
Hieracium paniculatum. 

5. Southern species near their northern limit. 
The following species are included in this cate- 
gory: Selaginella tortipila, Robinia hispida, Rhodo- 
dendron vaseyt, Campanula divaricata, Helianthus 
atrorubens, Coreopsis pubescens, Coreopsis major 
var. stellata. 

6. Species which are widespread in eastern 
North America. The 144 species of this category 
are not listed because of their unusually minor 
role in the high mountain flora. 
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TABLE 6 
Floristic summary—geographical categories 





| No. of | Zo of 








Species Category | Species | | a 

1. Southern Appalachian. ......... | 41 | 10.5 
NES 5 ie eithe fa ss shcsis ata aie | 17 | 4.4 
3. Northern—south in mtns........ | 75 | 19.2 
4. Northern—near southern limit..| 58 | 14.8 
5. Southern—near northern limit... 7) tS 
6. Widespread in eastern N. A.....| 144 | 36.8 
Tey EE, ig cog, ag ken. pees 49 | 12.5 
Total 391 (100.0 





7. Introduced species. In the high mountain 
region, introduced and naturalized plants are 
represented by 49 species they are not listed 
here, but are indicated in the catalog by an 
asterisk preceding the species name. 


PLANTS OF INTEREST 


Range extensions are reported for these species 
as follows: 

Glyceria nubigena from the vicinity of Cling- 
mans Dome in the Smokies to Silvermine Bald in 
the Balsam Mountains. 

Agrostis borealis. The southern range is ex- 
tended from Roan Mountain to the Black Moun- 
tains. 

A summary of the taxonomic treatment of 
the genus Abies in the eastern United States is 
included here. The writer believes that an under 
standing of this conspicuous genus, with its 
widely disjunct range and several taxonomic 
entities, would be of value in the overall under- 
standing of the relationship between southern 
mountain flora and the northern flora. 

Abies fraseri in the Southern Appalachian 
region has received a fairly stable taxonomic 
treatment. Coker and Totten (1945) report 
Abies balsamea on Mt. Rogers, and Small (1933) 
states that Abies balsamea may be found in 
North Carolina. No specimens were found by 
the writer to support either of these possibilities. 
The treatment of Abies balsamea of the northern 
United States is not as stable as that of Abies 
fraseri. One variety (Abies balsamea var. phanero- 
lepis) was described by Fernald (1909) and a 
form of this variety (Abies balsamea var. phanero- 
lepis forma aurayana) was described by Boivin 
(1938). In 1932 Fernald and Weatherby described 


a form of the species, Abies balsamea forma 
hudsonia. 

The taxonomic history of Abies in the mid- 
Appalachian region of West Virginia and northern 
Virginia is a story of confusion. In 1892 and 1896 
Millspaugh reported the West Virginia Abies to 
be Abies balsamea. In 1913 he referred to the West 
Virginia trees as Abies fraseri. In the same year 
Gibson (1913) and Britton and Brown (1913) 
included West Virginia in the range of Abies fra- 
seri but did not include it in the range of Abies 
balsamea. A sketch by Brooks (1920) in his West 
Virginia Trees shows the large exserted and re- 
flexed bracts of Abies frasert properly named. He 
stated in the introduction that the drawings were 
made from specimens he had collected. 

Rydberg (1926) commented on the fact that 
the species of balsam in West Virginia was in dis- 
pute. Freer (1933) identified a specimen from 
Crescent Rock as Abies balsamea. He noted that a 
1901 collection by Steel from the same area had 
been distributed by the National Herbarium as 
Abies fraseri. A Mr. Walker of the National Mu- 
seum checked the Steel collection and suggested 
that it was in error. 

Core in 1934 added a new dimension to the 
story by a paper including sketches of Abies bal- 
samea from Vermont, Abies fraseri from North 
Carolina, and Abies ? from West Virginia. He 
suggested that the latter might represent a new 
species of possible hybrid origin since the West 
Virginia trees were located midway between the 
range of Abies balsamea and Abies fraseri. He 
pointed out that there seemed to be two races of 
this species in West Virginia. Camp in 1936 
stated, ‘On Crescent Rock in the Blues, it is nei- 
ther Abies fraseri nor is it the northern balsam 
(Abies balsamea). Rather it merits description as 
a separate species.’’ Camp’s words were not to go 
unheeded, for in the same year Fulling (1936) 
published a description of Abies intermedia from 
the northern Virginia region (Hawksbill Moun- 
tain). The chief characters for identification of 
the new species were the slightly exserted and re- 
curved bracts, and scales distinctly auriculate at 
the base. 

In 1941 Fosberg stated that collections from 
the Hawksbill area showed great irregularity in 
the degree to which the bracts were exserted and 
recurved. He further stated that only occasionally 
are the scale bases auriculate. Fernald (1950) 
included West Virginia in the range of Abies bal- 
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samea only. In 1952 Strausbaugh and Core listed 
only Abies balsamea in West Virginia. Gleason 
(1952) did not include Abies balsamea var. phan- 
erolepis. He included West Virginia and Virginia 
in the range of Abies balsamea. Little in 1953 in- 
cluded West Virginia and northern Virginia in the 
range of Abies balsamea var. phanerolepis. He 
further pointed out that the name chosen by 
Fulling, Abies intermedia, had been used in 
1882 to describe a Pliocene fossil in France. 

The writer has examined Abies specimens from 
the herbaria of the University of North Carolina, 
Duke University, University of West Virginia and 
New York Botanical Garden, and can see how it 
is possible that this mid-Appalachian material 
has been included in four different taxa. Of the 
mid-Appalachian specimens examined, none had 
bracts which were exserted and reflexed to the 
degree found in Abies fraseri, but one specimen 
(Wherry, West Virginia—no further location or 
number) is closer to Abies fraseri in appearance 
than to Abies balsamea. 

A solution to this taxonomic puzzle is beyond 
the scope of the present study, but several obser- 
vations have been made which may be useful in 
its ev ntual solution. 

Abies fraseri occupies a range consisting of 
seven disjunct areas. Although the distance in 
miles between these areas is not great, the inter- 
vening areas of lower altitudes provide effective 
climatic separation. There is no evidence to indi- 
cate that any genetic exchange between these 
areas has occurred since their isolation, probably 
at the time of the establishment of the modern 
climate. The morphological characters of this spe- 
cies are constant throughout its range. 

A large number of species have a common range 
including areas north of the terminal moraine, 
and areas in the higher southern mountains. In 
many of these species, plants in the northern part 
of the range differ from those in the southern part. 
These differences have led to the description of 
many varieties. In the same manner, closely re- 
lated plants of a genus might differ sufficiently to 
be recognized as distinct species. In such case, 
confusion may arise when plants from the middle 
of the range have intermediate morphological 
characters. 

The presence of species with ranges in the 
higher southern mountains disjunct from areas 
north of the terminal moraine suggests to the 
writer that the ancestral range of these species 
was near or in the higher southern mountains. As 
plants migrated northward, after the last great 





[May 


ice sheet had receded, the changing environment 
may have favored slight variations, leading to the 
establishment of new species or varieties in the 
northern range. 

It seems clear that future attempts to evaluate 
the taxonomic position of the mid-Appalachian 
Abies should be based on a thorough distribu- 
tional as well as morphological study of the vari- 
ous entities of Abies. Some values may be derived 
from a thorough study of trends of variation in 
other species which may have migrated along a 
similar route. 

ORIGIN OF THE FLORA 

The evidence gained in this study has led the 
writer to the belief that most of the southern high 
mountain flora is a relic of an ancient flora which 
moved southward ahead of the Labrador ice sheet 
and later moved into the northern region. The 
great similarity between the northern flora and 
the southern high mountain flora (Oosting and 
Billings, 1951) suggests a common origin, but 
distinct differences between the two floras indi- 
cate that different selective forces have been in 
operation on them. 

The southern Appalachian endemics represent 
ancient species which were unable to adjust to 
conditions encountered by the northward migrat- 
ing flora, but were able to survive in the southern 
mountains. 

A portion of the flora, represented by many 
species, but only a few individuals, is composed 
of introduced species and invaders from the sur- 
rounding region. 

The writer suggests that an intense study of the 
plants with north-south disjunct ranges might re- 
veal some pattern of morphological characters 
which are adaptive. 


EXPLANATION OF THE CATALOG 


The arrangement of families, genera, and spe- 
cies follows as closely as possible that of the eighth 
edition of Gray’s Manual of Botany (Fernald, 
1950). Every effort was made to use the most re- 
cent taxonomic literature to determine species 
and varieties. Commonly used synonyms are 
placed below the preferred name and enclosed in 
parentheses. Sub-specific names have been given 
to a number of mountain plants, but an attempt 
was made to include only those which are mor- 
phologically distinctive. 

The areas where the plants were collected are 
shown as column headings and the community lo- 
cations are indicated by the letter abbreviations. 
Letters refer to communities as follows: 
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s—spruce-fir forest u—shrub bald the fire cherry and the grass bald comumnities of 
f—fire cherry b—beech forest the Balsam Mountains and in the grass bald com- 
«ens tal adil munity of the Great Craggy fountains 

a Introduced specimens are indicated by an as- 
h—heath bald t—transition zone 


terisk preceding the plant name. 
For example, the fourth entry of the catalog indi- Voucher specimens are deposited in the Herb- 
cates that Lycopodium complanatum was found in  arium of the University of North Carolina. 
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SUMMARY 


The isolated high mountain areas of the South- 
ern Appalachians were studied. Nested quadrats 
were plotted and analyzed in the different plant 
communities. A total of 3707 specimens of vascu- 
lar plants representing 391 species and varieties 
was collected. 

The southern high mountain plant communities 
described are spruce-fir forest, fire cherry, grass 
bald, heath bald, shrub bald, beech forest, dis- 
climax, and transition zone. The fire cherry com- 
munity, the secondary succession community, is 
represented by the following forms: early fire 
cherry, fire cherry-blackberry, fire cherry-heath, 
heath-weed, fire cherry-weed, and fire cherry- 
yellow birch. The vegetation is dominated by the 
spruce-fir and fire cherry communities which are 
found in seven of the ten high mountain areas. 

Seven geographical elements present in the 
southern high mountain flora are described as fol- 
lows: Southern Appalachian species, Appalachian 
species, northern species extending southward in 
the uplands or mountains, northern species of 
general range near their southern limit, southern 
species near their northern limit, species of gen- 
eral range in eastern North America, and intro- 
duced species. 

A summary of the taxonomic treatment of 
Abies in eastern North America is included in this 
study. 

Range extensions are reported for Glyceria nu- 
bigena, and Agrostis borealis. 
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CHROMOSOME NUMBERS OF SOME MOSSES OF FLORIDA! 





By Marti At-AlisH? AND Lewis E. ANDERSON? 


Considerable knowledge of chromosome num- 
bers and chromosome behavior in mosses of 
North America is beginning to accumulate. 
The bulk of this knowledge, however, has come 
from studies in north temperate and sub-arctic 
regions. Only a few species from tropical or 
subtropical areas have been studied, which 
leaves a serious gap when attempts are made to 
interpret chromosome numbers in relation to 
phytogeographical patterns. Bryan (1955, 1956a, 
1956b, 1957) studied a number of populations 
from Florida in her cytotaxonomic treatments of 
Sphagnum and the inoperculate mosses while 
Anderson and Bryan (1958) determined the 
chromosome number for three species of mosses 
from Puerto Rico and Florida. As far as is 
known these are the only chromosome studies 
that have been made of mosses from Florida. 
The present investigation concerns chromosome 
studies of six species collected in central and 
southern Florida. 

All of the cytological studies were made on 
spore mother cells at meiosis. Living plants 
with developing sporophytes were collected 
during late January and early February, sealed 
in plastic bags and shipped to the botanical 
laboratories of Duke University, where the 
plants were unpacked, watered, and placed in a 
refrigerator at a temperature of about 2°C. 
This cold treatment has been described in 
detail by Anderson and Crum (1959). The 
cytological techniques employed were essentially 
the same as outlined by Steere, Anderson, and 
Bryan (1954), except that when acetic orcein was 
applied to the spore mother cells, heat was 
omitted. This is an improvement suggested by 
Mrs, Ardith Brask Johnsen (unpublished), who 
found, in working with chromosomes of Dic- 
ranum, that extreme stickiness of chromosomes 


1 Grateful acknowledgment is made to the 
National Science Foundation for a grant of re- 
search funds to Duke University (NSF-G9610), 
which has made the present study possible. We 
are much indebted to Dr. Howard Crum of the 
National Museum of Canada for aid in the collec- 
tion of specimens. 

? Department of Botany, Duke University, 
and the University of Baghdad. 

* Department of Botany, Duke University. 
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and their tendency to cohere, especially in MI 
stages, could be markedly reduced by omitting 
heat during the staining procedures. This tends 
to reduce the intensity of the staining, but the 
advantages gained in being able to separate the 
metaphase chromosomes by applying pressure 
to the cover glass more than offsets this disad- 
vantage. 

Voucher specimens from each of the popula- 
tions studied have been deposited in the her- 
barium of Duke University. The results will be 
described and discussed under the heading of 
each species, 


Fissidens cristatus Wils. 
n = 13 + 2; Figs. 1-5 


The chromosome complement and meiotic 
behavior in the plants from the Florida popula- 
tion of this common and widely distributed 
species differed so markedly from that described 
in previous reports that it was difficult to believe 
we were dealing with the same species. In the 
Florida material we observed 13 relatively large, 
dark-staining bivalents that exhibited little or 
no cohesiveness and showed scarcely any tend- 
ency to clump during first meiotic metaphase. 
In addition, there were two light-staining biva- 
lents, difficult to observe in some sporocytes, 
but clearly apparent in all of the spore mother 
cells studied. These small lighter-staining biva- 
lents, which nearly always disjoin precociously, 
have been described in numerous species of 
mosses and their behavior has been followed in 
some detail by Heitz (1928), Bryan (1955), 
and Anderson and Crum (1959). The terminol- 
ogy for these small chromosomes has been 
much confused, principally because such pre- 
empted terms as “accessory”, “supernumerary”, 
“4so-chromosomes”, and “special bivalents” have 
been applied to them. Heitz (1928) used the 
term m-bivalent or m-chromosome to apply 
specifically to these small chromosomes peculiar 
to bryophytes, and we will use the term to apply 
in the same way in the present paper. A detailed 
discussion of this terminology was presented in 
the aforementioned papers by Bryan and by 
Anderson and Crum. 

The two m-chromosomes stain very faintly 
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and in many premetaphase and metaphase 
figures one or even both may be hidden behind 
the large bivalents (Figs. 1, 2). In premetaphase 
figures the characteristic configuration of the 
m-chromosome is that of an open square (Figs. 
2, 5), although this is not always the case. In 
some cells they appear as small condensed 
chromosomes, similar to the other bivalents 
except for their small size and lighter-staining 
qualities. The significance of the open square 
configuration is not known and it was not possible 
in F. cristatus to follow the behavior through 
meiosis. No meiotic stages later than early MI 
were observed. At metaphase, however, the 
quadripartite structure breaks up into two 
linear thread-like structures, each apparently 
bipartite (Fig. 3); the two bipartite threads are 
interpreted as half-bivalents while each bipartite 
thread is assumed to be made up of the respective 
chromatids. Figure 4 shows one m-bivalent still 
in the square configuration, while the other 
m-bivalent has opened out. Similar configurations 
for m-chromosomes have been described by 
Bryan (1955) for several species of Sphagnum, 
in which she was able to follow the behavior of 
the open square configuration through meiosis. 
She found that during metaphase I, the open 
square broke up into two bipartite structures 
each of which separated at metaphase II into 
their respective chromatids. The four chromatids 
were distributed one to each of the four nuclei 
of the tetrad. With minor variations, similar 
behavior has been described in Hygroambly- 
stegium orthocladon (P. Beauv.) Grout by Ander- 
son and Bryan, 1958 and in Pohlia cruda (Hedw.) 
Lindb. and Campylium stellatum (Hedw.) Lange 
& C. Jens. by Anderson and Crum, 1959. The 
present authors have under way additional 
studies on the behavior of these diminutive 
chromosomes during meiosis. 

Anderson and Bryan (1956) studied the 
chromosomes of a population of Fissidens cristatus 
from Nova Scotia, but found the complement to 
be composed of only 13 large dark-staining 
bivalents. No m-chromosomes were observed in 
the Nova Scotia population. Furthermore, these 
authors observed that the largest chromosome 
of the complement disjoined precociously at the 
first meiotic metaphase, always in such a way 
that a characteristic configuration was produced 
that could be recognized from cell to cell. A 
similar large heterochromosome was observed 
by Anderson and Bryan (1956) in a related 
tetraploid species, F. adiantoides Hedw., and 
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it was found to behave in an identical manner, 
disjoining precociously and forming the same 
characteristic configuration. The presence of 
only one such heterochromosome was at least 
partial evidence for the conclusion that F. 
adiantoides is an allotetraploid rather than an 
autotetraploid, as its exceedingly close morpho- 
logical similarity to F. cristatus had suggested. 

The presence of intraspecific races or at least 
populations of F. cristatus with and without 
m-chromosomes is of interest both cytologically 
and taxonomically. Careful morphological com- 
parisons of the Nova Scotia and Florida voucher 
specimens revealed no differences of any im- 
portance. The Florida plants have somewhat 
smaller leaf cells (6 u to 7 uw in diameter in con- 
trast to 9 u and 10 yw for the Nova Scotia plants) 
and the stems are somewhat shorter than the 
Nova Scotia plants, but in leaf margin, color of 
the border cells, leaf areolation and other respects 
the two populations are nearly identical. The 
existence of a population without m-chromo- 
somes probably means that the genetic role of 
the m-chromosome is slight. So far we have not 
been able to obtain a satisfactory feulgen’s test 
on m-chromosomes. Several other species of 
mosses are known in which diploid races possess 
one or more m-bivalents but corresponding 
tetraploid races lack m-chromosomes. Pohlia 
cruda (Hedw.) Lindb., furthermore, has a diploid 
race with the number, n = 10 + 4, but there 
is an octoploid race, n = 40, in which m-chromo- 
somes are absent (Anderson and Crum, 1959). 


Barbula agraria Hedw. 
n = 13; Figs. 6-10 


There are no previous chromosome counts 
for this widely distributed and weedy tropical 
moss. Its haploid number, 13, conforms to that 
reported for other species of the genus and for 
the family Pottiaceae, for which the basic number 
appears to be either 12 or 13. The chromosomes 
in B. agraria are quite uniform in size, and at 
MI are usually crowded on the metaphase 
plate (Figs. 6, 8). In many spore mother cells 
there is a tendency for the chromosomes at 
metaphase to be connected together by thin 
threads (Fig. 7), a condition that has been 
described in Sphagnum by Bryan (1955). The 
chromosomes are sticky and difficult to press 
apart, so that good preparations were infrequent. 

Considerable meiotic irregularity was observed. 
In numerous sporocytes we observed that from 
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Figs. 1-5. Fissidens cristatus Wils., n = 13 
+ 2; Figs. 1 and 2, polar views of MI showing 
thirteen bivalents and one and two quadripartite 
m-chromosomes respectively; Fig. 3, side view 
of MI in which both m-chromosomes are aligned 
on the metaphase plate; Fig. 4, polar view of MI, 
note one of the two quadripartites is open; Fig. 
5, side view of MI, showing the two quadripartite 
m-chromosomes in an open square. (2175) 

Figs. 6-10. Barbula agraria Hedw., n = 13; 
Fig. 6, side view of MI showing 13 bivalents; Fig. 
7, polar view of MI, note the connecting threads 
between bivalents and the lagging bivalent; 
Fig. 8, polar view of MI, showing precocious 
division of the lagging bivalent; Fig. 9, side view 
of MI, note the lagging bivalent; Fig. 10, showing 
the formation of micronucleus. (2175) 


one to three bivalents failed to become oriented 
on the spindle at MI (Fig. 9). Apparently meiosis 
is arrested when this occurs, the bivalents fail 
to disjoin, and two nuclei are reconstituted, one 
of them being a small micronucleus (Fig. 10). 
In some preparations as many as half of the 
sporocytes were observed in this condition. The 
significance of this behavior is not apparent, 
but we suspect that it may have been produced 


by environmental conditions. The material for 
study was collected on exceedingly dry and 
exposed coquina, and the extreme xerism coincid- 
ing with meiosis may have influenced the aberrant 
behavior. 

The systematic position of Barbula agraria 
has been in doubt. Steere (1938) has noted that 
in costa structure the species approaches Barbula, 
but that on the basis of leaf-shape it might be 
placed in Tortula, and concludes that “It is 
sufficiently distinct from both genera, however, 
to justify, perhaps, the eventual erection of a 
new genus.” The cytological evidence does not 
favor placing it in Tortula, in which the basic 
number seems to be 12 or 6. Lower numbers 
than 12 have not yet been found in the genus. 
The chromosomes of nearly all species of Tortula 
that have been studied are smaller than those of 
B. agraria, they stain more intensively with 
acetic orcein, and are less sticky and much 
less cohesive. Except for some aneuploids, the 
number, n = 13, is characteristic of Barbula. 


Tortella humilis (Hedw.) Jennings 
n = 26; Figs. 11-12 


A previous report of the chromosome number 
of this species, based on a North Carolina collec- 
tion (Anderson and Bryan, 1958), indicated a 
haploid number of 13 plus two m-chromosomes. 
Plants of the Florida population reported here, 
therefore, must be regarded as tetraploid. Atten- 
tion has already been called to the fact that 
m-chromosomes when present in a diploid popula- 
tion are nearly always, if not always, absent in 
tetraploid populations of the same species. An- 
other instance is provided by Tortella humilis, 
which in a North Carolina population had the 
number, n = 13 + 2, in a Florida one, the num- 
ber, n = 26, with no m-chromosomes present. 

Tortella humilis is a variable species, tax- 
onomically, so that morphological comparisons 
between the diploid and tetraploid populations 
are difficult to assess. The tetraploids differ 
in color, being somewhat more glaucous and 
shining; the leaves are larger and somewhat 
more ligulate, with more acute apices. The 
setae in the Florida plants are nearly twice as 
long as in the diploid plants from North Carolina, 
and the capsules are longer, with considerably 
longer peristome teeth. These differences seem 
minor, however, when the total variation of the 
species is considered. Spore sizes are perhaps 
more significant, those in diploid plants ranging 
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Fias. 11-12. Tortella humilis (Hedw.) Jennings, n = 26; Fig. 11, polar view of MI, showing 25 
large bivalents and two half-bivalents; Fig. 12, polar view of MI, showing 26 bivalents. (2175) 


Fias. 13-19. Thuidium minutulum Hedw., n = 11 (9 + 2); Fig. 13, polar view of MI, showing 9 large : 





bivalents and 2 quadripartites one of which is open, the other in an open square; Fig. 14, side view of § 


MI, showing 9 bivalents and 2 quadripartites bothin an open square; note that one m-bivalent is partially § 


obseured by a large bivalent; Fig. 15, polar view of MI, showing 9 bivalents, one m-chromosome in al 


open square, the other as a special bivalent; Fig. 16, polar view of MI, showing the 9 large bivalents § 


and two half-bivalents; Figs. 17-18, polar view of MI, showing 9 large bivalents and two half-bivalents; 


Fig. 19, polar view of AI, showing 9 large chromosomes and two small m-chromosomes near each pole. & 
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from 7 to 9 uw while the tetraploid plants have 
spores from 12 to 14 uw in diameter. The spore 
mother cells of the tetraploid plants, however, 
are more than three times as large in diameter 
as those from the diploid plants from North 
Carolina. The exaggerated size of spore mother 
cells in tetraploid races was noted by Anderson 
and Crum (1959) in their chromosome studies of 
mosses from the Canadian Rocky Mountains. 


Thuidium minutulum Hedw. 
n = 11; Figs. 13-19 


The chromosome complement of this widely 
distributed species, both tropical and temperate, 
consists of 9 large and distinctive bivalents, 
one considerably smaller, but dark-staining 
bivalent and a very tiny, light-staining bivalent, 
which qualifies as an m-chromosome. The 
m-chromosome is difficult to demonstrate and 
in many sporocytes we were unable to locate it 
(Figs. 15-18). It is significant, however, that the 
m-chromosome was visible in all well-spread 
figures of first and second division anaphases. 
In Figure 19, which represents a first anaphase, 
11 half-bivalents are visible in each anaphasic 
group. The two m-chromosomes lie close to- 
gether near the center of the groups. We believe, 
therefore, that all sporocytes of 7. minutulum 
contain two m-bivalents, but owing to their 
small size and poor staining qualities they are 
sometimes obscured by the larger and more 
darkly-stained bivalents. In some cells the 
m-bivalents assume the configuration of an 
open square, which is identical to that described 
above for Fissidens cristatus. Figure 12 is an 
early MI stage in which one of the m-bivalents 
is in an open square, while the other m-bivalent 
has broken up to form two thread-like half- 
bivalents. In Figure 14 both m-bivalents are in 
open squares, but in Figure 15, one m-bivalent 
is in a square, the other is a solid condensed 
bivalent. At least one and usually both of the 
m-bivalents disjoin precociously. After disjoining, 
the half-bivalents are sometimes thread-like, as 
shown in Figure 16, or they may be solid and 
spherical, as indicated in Figures 17 and 18. 

According to Japanese investigators, all of 
the Japanese species of Thuidium that have 
been investigated cytologically have the number, 
n = 10 (Yano, 1951, 1952; Shimotomai & 
Koyama, 1932; Sannomiya, 1957). These in- 
clude T. glaucinum, T. japonicum Dozy & 
Molk., 7. micropteris Besch., T. uliginosum 
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Card., and 7. viridiforme Card. American in- 
vestigators all report the number, n = 11, 
for North American plants, including T. deli- 
catulum (Hedw.) Mitt., T. recognitum (Hedw.) 
Lindb., and 7’. scitum (P. Beauv.) Aust. (Steere, 
1954; Anderson and Bryan, 1958). Discrepancies 
in numbers could be due to failure of the Japanese 
reports to include the m-chromosome, which 
may not have been apparent in the somatic 
divisions which they studied. Bryan (1955) has 
shown in Sphagnum that m-chromosomes visible 
in meiotic divisions are not demonstrable by 
existing techniques in somatic divisions in 
gametophytic tissues. 


Haplocladium microphyllum (Hedw.) Broth. 
n = 11; Figs. 2-22. 


This is the first report of the chromosome 
number for this genus in North America, al- 
though Yano (1957) found the number, n = 10, 
in Haplocladium subulaceum (Mitt.) Broth., in 
Japan. In this instance, Yano’s studies were 
based on both somatic divisions in gametophytic 
tissues and on meiotic divisions. We observed 
10 large bivalents and a small m-bivalent in 
material collected in Florida. Haplocladium is a 
close relative to Thuidium and perhaps at best 
a weak segregate, so the resemblance in chromo- 
some complements between the two is to be 
expected. The m-chromosome in Haplocladium 
microphyllum is larger and stains more darkly 
than that in Thuidium minutulum, and was 
never observed to assume the open square type of 
figuration that was described above for T. 
minutulum. Yano (1957) figures the m-chromo- 
some in his drawings of meiotic figures of H. 
subulaceum, so the discrepancy in number in this 
instance between American and Japanese species 
cannot be attributed to failure of the Japanese 
to observe the m-chromosome. 

In H. microphyllum, it is not the m-chromosome 
which disjoins first during metaphase-I, but 
one of the smaller dark-staining bivalents (Fig. 
21). The initiation of disjunction of this bivalent 
can be observed in Figure 20 (third bivalent 
from the top). Note in both Figs. 20 and 21 the 
presence of one bivalent considerably larger and 
more conspicuous than the others. A similar 
large bivalent has been described in all of the 
species of Thuidium and Heterocladium thus 
far studied. Yano and others figured it in the 
somatic counts of all of the species in the two 
genera which they studied. 
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Figs. 20-22. Haplocladium microphyllum (Hedw.) Broth., n = 10 + 1; Fig. 20, polar view of MI, 
showing 10 large bivalents and a small chromosome; Fig. 21, polar view of MI, showing 10 large bivalents 
one of which is about to disjoin and a small chromosome; Fig. 22, polar view of AI, showing 10 large 
bivalents and a small chromosome. (X2175) 

Fics. 23-28. Isopterygium micans (Sw.) Broth. n = 11 + 1; Figs. 23-24, polar view of MI, showing 
11 large bivalents and an m-chromosome, note some of the large bivalents are about to disjoin; Figs. 
25-28, polar view of MI, showing 11 large bivalents and an m-bivalent which is about to disjoin; this 





bivalent stained faintly. (2175) 


Isopterygium micans (Sw.) Broth. 
n = 11 + 1; Figs. 23-28 


The chromosomes of this exceedingly variable 
and widespread moss have not been studied 
previously. It is a polymorphous species and 
numerous varieties and forms of dubious merit 
have been described from it over the years. The 
chromosomes of J. micans are relatively large, 
they stained vividly with acetic orcein, and they 
were easily spread apart with slight pressure, so 
that excellent preparations were obtained with 
relative ease. Eleven large dark-staining bivalents 








and a light-staining m-chromosome were observed 
at metaphase. Figures 23 and 24 are premetaphase 
figures in which the small m-bivalent has not 
yet disjoined. In some sporocytes the m-bivalent 
appeared almost as large as some of the regular 
bivalents (Fig. 28) and except for its lighter 
staining characteristic would have been difficult 
to identify. The m-bivalent disjoins before the 
regular bivalents become aligned across the 
metaphase plate (Figs. 25, 27) and in nearly all 
sporocytes the m-chromosomes are in mid- to late 
anaphase before the other bivalents begin to 
disjoin. Figure 22 shows a second division 
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TABLE 1 


CHROMOSOME NUMBERS OF FLORIDA MOssEs 


Chromosome numbers in some Florida mosses 








Specimen 


Chromosome 








Species Source of material aiaier nember | Figures 
| | 

Fissidens cristatus Wils........................ | Nassau Co. | 13254a n=13+2/) 1-5 
Barbula agraria Hedw.. Rate Ais wane toa Alachua Co. 13254b n = 13 6-10 
Tortella humilis (Hedw.) Jennings.......... Alachua Co. | 13254ce n = 26 11, 12 
Thuidium minutulum (Hedw.)................. Nassau Co. 13254d n=9+2 13-19 
Haplocladium microphyllum (Hedw.) Broth....| Alachua Co. |  13254e n=10+1 20-22 
Isopterygium micans (Sw.) Broth..............| Nassau Co. 13254f n=11+1 23-28 














metaphase in which the m-chromosome is visible 
in the right-hand figure. The m-chromosomes 
are distributed normally in meiosis, one to each 
of the four tetrad nuclei. 

Only two other species of Isopterygium have 
been studied cytologically, J. turfaceum (Lindb.) 
Lindb., with the number, n = 11 (Vaarama, 
1950), and J. pulchellum (Hedw.) Jaeger, with 
diploid and tetraploid races, n = 11, 22 (Ander- 
son and Crum, 1959). M-chromosomes were not 
reported in either of these species, although 
precocious disjunction of two of the 11 bivalents 
was described in both species. Disjunction was 
regular in the tetraploid race of I. pulchellum. 
The systematic position of Isopterygium has 
been argued by bryologists, some of whom place 


(Hedw.) Broth. n = 10 + 1; Isopterygium 
micans (Sw.) Broth., n = 11 + 1. 
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SUMMARY 


The chromosome numbers of six species of 
mosses from Florida are reported: Fissidens 
cristatus Wils., n = 13 + 2; Barbula agraria 
Hedw., n = 13; Tortella humilis (Hedw.) Jen- 
nings, n = 26; Thuidium minutulum Hedw., 
n = 11 (9 + 2); Haplocladium microphyllum 
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OBSERVATIONS OF SCHISTOSOME MIRACIDIAL BEHAVIOR IN THE 





PRESENCE OF NORMAL AND ABNORMAL SNAIL HOSTS AND 
SUBSEQUENT TISSUE STUDIES OF THESE HOSTS! 


By Ricuarp H. Supps, Jr.? 


Department of Parasitology, University of North Carolina, Chapel Hill, North Carolina 


Snails serve as the first intermediate hosts for 
digenetic trematodes. Those that permit the de- 
velopment of the larval stages and the release of 
cercariae usually are termed normal hosts, 
whereas all others are considered abnormal hosts. 
Most trematodes exhibit a strict snail-host speci- 
ficity, so that the number of normal hosts for each 
parasite is limited. For this reason, there has been 
considerable interest in determining the mecha- 
nism(s) involved in the selection of such hosts. 
The present report deals with tests made with cer- 
tain blood flukes, or schistosomes. 

Several views have been given in attempts to 
explain the selection of suitable snail hosts by the 
free-swimming miracidia of schistosomes. Many 
early workers believed that the miracidia are at- 
tracted to such hosts by a chemotactic sub- 
stance(s) secreted in the mucus (Faust and Mele- 
ney, 1924; Faust, 1924; Faust and Hoffman, 
1934). Although a few recent workers have sup- 
ported the ‘attraction theory,” most of them 
favor the view that the location of a snail host by 
the miracidia is more or less a chance phenomenon 
(Abdel-Malek, 1950; Stirewalt, 1951; LaRue, 
1951; Chu and Cutress, 1954; Najim, 1956). 
There is also evidence that certain abnormal hosts 
appear to attract miracidia in a manner similar to 
that observed when normal hosts are used (Stunk- 
ard, 1946; Abbott, 1948), and, moreover, in some 
cases, the miracidia have been shown to penetrate 
and begin development in such hosts (Newton, 
1952; Brooks, 1953). 

The present study was undertaken with the 
hope of obtaining additional information of value 
in understanding this phenomenon. In view of 
the recent reports above, it seemed necessary to 
include not only observations of the miracidial 
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behavior in the presence of normal and abnormal 
snail hosts, but subsequent observations of the 
snail tissues. By designing the experiments in this 
way, it was possible not only to determine the at- 
tractiveness of the various hosts as based on suc- 
cessful penetration, but to follow the intra-snail 
development of the parasites and the tissue reac- 
tion(s) of the hosts. The study involved the use 
of 4 different species of schistosomes, 2 bird forms 
(Trichobilharzia elvae and T. physellae) and 2 
mammalian forms (Schistosomatium douthitti and 
Schistosoma mansoni). 


MATERIALS AND METHODS 


Parasites.—Cercariae of the 2 bird schisto- 
somes were obtained from naturally infected 
snails (Lymnaea stagnalis appressa and Physa 
parkert) collected on the beaches of Douglas Lake, 
Michigan. Cercariae of Schistosomatium douthitti 
were obtained from naturally infected Lymnaea 
palustris and L. stagnalis collected at Douglas 
Lake and vicinity, and those of Schistosoma man- 
soni were obtained from infected Australorbis 
glabratus supplied by the National Institutes of 
Health through the courtesy of Dr. Louis J. 
Olivier. 

These cercariae were used to infect appropriate 
definitive hosts. Separate groups of domestic 
ducklings were exposed to one of the 2 types of 
bird schistosome cercariae (Hendricks and Cort, 
1956), anesthetized white mice were exposed to 
the cercariae of Schistosomatium douthitti (Kagan 
et al., 1954), and other groups of anesthetized 
white mice were exposed to the cercariae of Schis- 
tosoma mansoni (Lee and Lewert, 1956). 

Miracidia of the 2 bird schistosomes were re- 
covered from mature eggs by placing the washed 
feces from infected ducklings into side-arm flasks 
(McMullen and Beaver, 1945). The miracidia of 
the mammalian schistosomes were recovered by 
mincing the livers of infected mice in a Waring 
blender and placing the washed tissues into a 
side-arm flask (Lee and Lewert, l.c.). 

Snails.—Egg masses (clutches) were obtained 
from snails collected in the vicinity of Douglas 
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Lake, Michigan, and from colonies of snails main- 
tained in the laboratory. The collection pro- 
cedures were not the same for all groups of snails. 
In the case of the beach snails, Physa parkeri, P. 
magnalacustris, Stagnicola emarginata angulata, 
and S. emarginata canadensis, the eggs are laid 
early in the summer (June). When these snails 
were isolated in half-pint milk bottles, the clear, 
gelatinous egg clutches were deposited on the 
sides of the containers and could be removed by 
carefully scraping with a sharp knife blade. In the 
case of Fossaria abrussa, however, the egg clutches 
were recovered in a different manner. The adult 
snails were collected from beaches of Douglas 
Lake in July and were placed in shallow aquaria. 
Sand was mounded above the water level at one 
end of each aquarium. The egg clutches were de- 
posited on the moist sand above the water level. 
In the case of Physa gyrina, Helisoma trivolvis, H. 
campanulatum, Australorbis glabratus, and Lym- 
naea palustris, the adult snails were placed in 
aerated aquaria. The eggs were deposited on the 
vegetation and sides of the containers, where they 
were left to hatch. 

The eggs were placed either in shallow finger 
bowls containing well water and a sprig of Elodea 
or in aerated aquaria containing sand and Elodea. 
The juvenile snails hatched in about 2 weeks. 

Laboratory-raised snails were maintained as a 
source of normal and abnormal intermediate 
hosts for the studies. These snails were kept in 
glass aquaria (5 to 10-gallon capacity), glass bat- 
tery jars (4 to 7-quart capacity), or glass finger- 
bowl dishes (414 to 714 inches in diameter and 3 
inches in depth). 

Aquaria were prepared by placing one to 2 
inches of thoroughly washed sand on the bottoms 
along with a few plants (Elodea). The aquaria 
were filled with dechlorinated tap water or lake 
water. When tap water was used, most of the 
chlorine was removed by placing the water in 
carboys (10-gallon) and aerating it for several 
days. The aquaria were aerated by compressed 
air piped into the laboratory or by small electrical 
air pumps (Thiberg Aerating Pumps). Porous 
stone air breakers were placed on the ends of the 
air hoses to produce a steady stream of small air 
bubbles. Sticks of ordinary blackboard chalk were 
added to each aquarium to furnish a source of cal- 
cium needed for shell formation by the snails 
(Kagan et al., 1954). Charcoal aquarium filters 
(Wil-Nes Aquarium Filter) were used to maintain 
clear water in the aquaria. Food for the snails con- 
sisted of washed lettuce and maple leaves. To pre- 
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vent overcrowding, the oldest snails were removed 
every 2 to 3 months and placed in new aquaria. 

The battery jar containers were prepared and 
maintained in the same way as the aquaria. 

The finger-bow] dishes contained dechlorinated 
tap water or lake water and pieces of Elodea. The 
water was changed every 2 to 3 days making con- 
stant aeration unnecessary. 

Exposure of snails to the miracidia.—Juvenile 
(4 weeks to 5 months of age) snails were exposed 
individually to the test miracidia in small round 
glass containers (1.5 cm. deep x 2.0 cm. in diame- 
ter). A small amount of well water was placed in 
each container. Miracidia were pipetted from the 
side arms of the McMullen-Beaver flasks into the 
containers and the number of miracidia in each 
container was counted with the aid of a stereo- 
scopic microscope (20). Miracidia were added 
to or removed from each container until the de- 
sired number was present. One snail was then 
placed into each container and more water was 
added until the snail was covered. The snails re- 
mained in the containers for 8 to 12 hours. Some 
were removed at 8 hours and placed in fixative. 
The remaining snails were divided equally into 
seven groups to be fixed at the following time pe- 
riods: 12 hours, 24 hours, 36 hours, 48 hours, 72 
hours, 4 days and 6 days. The 12-hour groups 
were fixed immediately after removal from the 
exposure containers. The groups scheduled to be 
fixed at 24, 36, and 48 hours after exposure were 
placed into separate finger bowl dishes, while 
those scheduled to be fixed at 72 hours, 4 days, 
and 6 days after exposure were placed into sep- 
arate aerated battery jars. 

Histologic techniques.—The tissues of all the 
snails studied were fixed in Bouin’s Picro-Formol 
Fixative. One hour prior to fixation, the snails 
were placed in a refrigerator (5°C.). This was 
necessary to slow the autolytic action of the en- 
zymes of the digestive glands (Carriker and Bil- 
sted, 1946). After the snails were cooled, the 
shells were removed rapidly with forceps and fine- 
pointed scissors. Then the body of each snail 
(head-foot, mantle membrane, and digestive 
gland) was placed into a labeled screw-cap vial 
(10 x 45 mm.) containing cold (5°C.) fixative. The 
threads of the vial caps were filled with paraffin 
to serve as a seal. The tissues were stored in the 
vials of fixative for periods ranging from one week 
to 3 months before being processed further for 
study. 

The snail bodies were removed from the vials 
of fixative and were dehydrated in a graded series 
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of isopropy! alcohol. While in the 70 per cent al- 
cohol, the bodies were placed under a stereoscopic 
microscope and the esophagus, crop, and gizzard 
were dissected out. These structures were always 
filled with small sand grains that had to be re- 
moved before proceeding. After the dehydration 
process, the tissues were embedded in Tissuemat, 
and sectioned at 10 microns. 

The sections were mounted on slides and 
stained with Delafield’s Hematoxylin and Eosin. 

To study the tissues, each slide was first 
scanned under the lowest power (40 X) of a binoc- 
ular compound microscope. Sections containing 
parasites, or showing any change from that seen 
in the tissues of snails not exposed to infection, 
were marked. These were later studied in detail 
under 125 x, 500 X, and 1250 magnifications. 


EXPERIMENTAL PROCEDURES AND RESULTS 


Series I. Studies on the Behavior of Certain Schisto- 
some Miracidia in the Presence of Normal 
and Abnormal Snail Hosts 


Four separate experiments were conducted, in- 
volving 4 different test species of miracidia and 
489 test snails (237 normal and 252 abnormal 
hosts). The procedures were identical in the 4 ex- 
periments. 

Experimental Procedures.—The miracidia 
were pipetted from McMullen-Beaver side-arm 
flasks into small, round, glass containers (1.5 em. 
deep and 2.0 cm. in diameter) filled one-quarter 
of capacity with well water or dechlorinated tap 
water. The number of miracidia placed into each 
container varied from 5 to 50, depending on the 
number available at the time of the experiment. 
In experiments 1, 2, 3, and 4, the average num- 
bers were 20, 5, 12, and 20, respectively. Counting 
and observation of the miracidia were facilitated 
by using a magnification low enough (20x) to 
include the entire container within the field of 
vision of a stereoscopic microscope. 

Laboratory-raised juvenile snails (4 to 8 wee ro 
old) were used. Only one was placed in each con- 
tainer with the miracidia. The total number of 
snails of each type varied from 6 to 70, depending 
on their availability. The actions of the miracidia 
were observed continuously for 5 minutes after 
the snails were added to the containers. Further 
observations were made at 10-minute intervals 
for one hour. Notes were taken concerning the 
behavior of the miracidia as they swam near the 
snails, their reaction when initial contact was 
made, their activity while in contact with the 
snails, and the length of time that contact was 
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maintained. The results for each of the four spe- 
cies of miracidia tested are shown in Tables 1-4, 
and footnotes explain the types of behavior 
noted. 

Results.—As shown in Tables 1-4, behavior in 
the presence of the normal snail hosts, in most 
cases, Was as expected. The miracidia stuck to the 
snails upon contact and remained in one small 
area of the snail’s body surfac 
be penetrating 


> and appeared to 
(Type 4 behavior). However, in 3 
combinations (Trichobilharzia physellae with 
Physa parkeri, Table 2, and Schistosomatium dou- 
thittt with Lymnaea palustris and Physa gyrina, 
Table 3), the miracidia contacted the snails and 
moved rapidly over the surface, stuck intermit- 
tently, swam away, and returned to continue the 
attempts to penetrate (Type 3 behavior). 

In the presence of abnormal snail hosts, a vari- 
ety of behavior patterns was observed. It was 
surprising that only a few snails (Stagnicola emar- 
ginata angulata and Physa parkeri, Table 4) failed 
to interest the miracidia. They ignored the snails, 
and when contact was made they immediately 
swam in another direction (Type 1 behavior). In 
most cases, the miracidia stuck briefly to the 
snails at the point of contact, spun their bodies in 
a rapid, head-on boring type of motion, then 
swam away, returned, stuck briefly, swam away, 
etc. (Type 2 behavior). Exceptions to this behav- 
ior pattern were observed in six other combina- 
tions. In the presence of Bulimnaea megasoma and 
Fossaria abrussa (Table 1), the miracidia of Tri- 
chobilharzia elvae stuck to the snails upon contact 
and appeared to be penetrating (Type 4 be- 
havior). Type 3 behavior was observed when 
Siagnicola emarginata angulata and Fossaria ab- 
russa were exposed to miracidia of Schistosoma- 
tium douthitti (Table 3) as well as when Helisoma 
trivolvis and H. campanulatum were exposed to 
miracidia of Schistosoma mansoni (Table 4). In 
these 4 Type 3 cases, the miracidia contacted the 
snails, moved rapidly over the surface, stuck in- 
termittently, swam away, returned, etc. 


Series II. Studies on the Penetration and Develop- 
ment of the Larval Stages of Test Schistosomes 
in Normal and Abnormal Snail Hosts 


Experimental Procedures.—The snails for the 
4 experiments of this series were those that had 
been exposed to infection in the above experi- 
ments of Series I. In all cases where the supply of 
laboratory snails permitted, at least one snail of 
ach of the various species and varieties was 
placed in fixative after the following intervals of 
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TABLE 1 
Showing for Trichobilharzia elvae the prominent types of miracidial behavior in the presence of normal and 
abnormal snail hosts and the types of host tissue reaction to this parasite 


Snail Hosts No. Snails 
Normal Host 
Lymnaea stagnalis 10 
Abnormal Hosts 
Lymnaea palustris 10 
Stagnicola emarginata angulata 50 
S. emarginata canadensis 10 
Bulimnaea megasoma 6 
Fossaria abrussa 10 
Physa parkeri 10 
P. magnalacustris 10 
P.. gyrina 10 
Helisoma trivolvis , 10 


* Miracidial behavior 
Type 2 
Type 4 

+ Tissue response 
Type 1 
Type 2 
Type 3 


Types of Tissue Responset 
Type of 
Miracidial 
Behavior* Other types 


Prominent (no. of snails) bs dy 
(no. of snails) 


4 4 (9 of 10) 1 (1 of 10) 
1 (10 of 10) 
1 (45 of 50) 2 (5 of 50) 
1 (10 of 10) 
3A-B (4 of 6) 1 (2 of 6) 
3A-B (9 of 10) 1 (1 of 10) 


(10 of 10) 
(10 of 10) 
(10 of 10) 
(10 of 10) 


NWN Ww SS S DO lO tO 


Miracidia stick briefly to snail, swim away, return, etc. 
Miracidia stick to snail upon contact and appear to be penetrating. 


No change in tissues to indicate that miracidia had penetrated. 
Miracidia penetrated, a marked tissue reaction is present, sporocysts dead or dying. 
Miracidia penetrated, tissue reaction absent. A. Some sporocysts appear to be normal 


while others appear to be degenerating. B. All sporocysts degenerating. 


Type 4 


Miracidia penetrated, no indication of tissue reaction, normal sporocyst development. 


TABLE 2 
Showing for Trichobilharzia physellae the prominent types of miracidial behavior in the presence of normal 
and abnormal snail hosts and the prominent types of host tissue reaction to this parasite 


Snail Hosts 


Normal Host 
Physa parkeri 
Abnormal Hosts 


Stagnicola emarginata angulata : 10 
10 


S. emarginata canadensis 


* Miracidial behavior 
Type 2 


No. Snails 


10 


Types of Tissue Responset 
Type of 
Miracidial 
Behavior* 


Other Types 


Prominent 
(no. of snails) 


(no. of snails) 


3 4 (8 of 10) 1 (2 of 10) 
2 1 (10 of 10) 
2 1 (10 of 10) 


Miracidia stick briefly to snail, swim away, return, etc. 


Type 3—Miracidia contact snail and move rapidly over the surface, stick intermittently, swim 


away, return, etc. 
+ Tissue response 


Type 1—No change in tissues to indicate that miracidia had penetrated. 
Type 4—Miracidia penetrated, no indication of tissue reaction, normal sporocyst development. 


exposure to the miracidia: 8 hours, 12 hours, 24 
hours, 36 hours, 2 days, 3 days, 4 days, and 6 
days. Thousands of tissue sections were prepared 
and examined to determine whether or not the 
miracidia had penetrated, and if so, to study the 
extent of larval development and the host-tissue 


reaction. The results of these studies are also 
shown in Tables 1-4, and footnotes explain the 
types of tissue response observed. 

Results.—As shown in Tables 1-4, the mira- 
cidia, in most cases, penetrated the normal snail 
hosts as expected, and developed normally as 
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Fig. 1. Normal mother sporocyst of 7. elvae in L. stagnalis, X500, showing prominent germinal 
cells. 
Fig. 2. Normal mother sporocyst of 7. elvae in L. stagnalis, X500, showing normal host tissues sur- 
rounding the parasite. 
Fic. 3. Normal mother sporocyst of 7. physellae in Physa parkeri, X500, showing germinal cells and 
absence of a host tissue response, 48 hours after exposure. 
Fic. 4. Normal mother sporocyst of S. douthitti in L. stagnalis, X500, 72 hours after exposure 
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Fias. 5-8 

Fic. 5. Abnormal mother sporocyst of S. douthitti in Physa gyrina, X125, showing cellular infiltra- 

tion into tissues surrounding the parasite, 24 hours after exposure. 
Fic. 6. Enlargement of Figure 5, 500, showing degenerating germinal cells 

Fic. 7. Abnormal mother sporocysts of 7. elvae in S. emarginata angulata, X125, cellular infiltration 
can be seen surrounding the parasites, 24 hours after exposure. 

Fic. 8. Abnormal parasite, enlargement of Figure 7, X500, showing the degenerating germinal cells 
(center) and ring of host cells surrounding the parasite. 
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sporocysts with no indication of a host-tissue re- 
action (Type 4 response). This response is illus- 
trated by Figures 1-4. 

However, the results for one supposedly normal 
host-parasite combination (Physa gyrina-Schisto- 
somatium douthitti) were unexpected (Table 3). 
When the tissues of this snail were examined the 
expected Type 4 response was absent. Instead, the 
tissues of a majority (46 of 50) of these snails 
showed no change to indicate that miracidia had 
penetrated (Type 1 response). Of the 4 snails 
found to be infected, 2 infections were 24 hours 
old, one was 48 hours old, and one was 72 hours 
old. In each of these infections, a marked host- 
tissue reaction was present and the sporocysts 
appeared to be dead or dying (Type 2 response). 
There was a marked cellular infiltration around 
the parasites (Fig. 5). The germinal and somatic 
cells of the mother sporocysts appeared to be de- 
generating; their remnants were undifferentiated 
(Fig. 6). The average diameter of these areas was 
60 microns. 

It is of interest to add that during a period 
prior to the examination of these tissue sections, 
other attempts were made to infect P. gyrina 
with S. douthitti. Twenty snails were exposed in- 
dividually to 5 miracidia and were maintained in 
an aquarium. To check on the shedding of cer- 
cariae, they were isolated overnight on the 45th 
day after exposure, t.e., at the end of the usual 
prepatent period in the normal host. There were 
no cercariae shed. Thereafter, they were isolated 
weekly, for a period of 4 months, and again cer- 
cariae were not observed. As a further check, 20 
additional P. gyrina were exposed individually to 
10 miracidia each. These snails were dissected, in 
groups of 4, at 14, 21, 28, 35, and 42 days after ex- 
posure. There was no indication of infection in 
any of them. 

Tissue examinations of the abnormal hosts 
showed 4 types of response (Tables 1-4). As ex- 
pected, the Type 1 response (no evidence of pene- 
tration) was observed in most cases. However, 
the Type 2 response was observed in 5 of the 50 
Stagnicola emarginata angulata exposed to the 
miracidia of Trichobilharzia elvae (Table 1). Two 
of these infections were 24 hours old, one was 48 
hours old, one was 72 hours old, and one was 6 
days old. In all cases, parasites were surrounded 
by an intense host-tissue reaction (Fig. 7). The 
germinal and somatic cells of the sporocysts, while 
not weil defined, were visible in the 24-hour infec- 
tions (Fig. 8), but were not seen at the later 
periods. In two other abnormal snail hosts (Bu- 
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limnaea megasoma and Fossaria abrussa), a third 
type of response was observed (Table 1). In both 
of these snails, the miracidia succeeded in pene- 
trating, and, in the absence of any apparent tissue 
reaction, some of the resulting sporocysts began 
to develop normally while others appeared to be 
degenerating (Type 3A response). As the age of 
these infections progressed, a point was reached 
when all of the sporocysts appeared to be degen- 
erating without any indication of a host-tissue 
reaction (Type 3B response). Type 3A response 
was observed in 2 B. megasoma, one with a 12 and 
one with a 24-hour infection (Fig. 11). This type 
of infection was observed also in 7 F. abrussa 
with 24-hour, 36-hour, 48-hour, 72-hour, and 4- 
day infections (Fig. 9). Type 3B response was ob- 
served in 2 B. megasoma with 36-hour infections 
(Fig. 12) and in 2 F. abrussa with 6-day infections 
(Fig. 10). The Type 4 response was observed in 2 
types of snails believed to be abnormal hosts for 
S. douthitti (Table 3). These snails (Stagnicola 
emarginata angulata and Fossaria abrussa) were 
penetrated by the miracidia, and normal sporo- 
cyst development was observed up to 48 hours in 
S. emarginata angulata and 4 days in F. abrussa 
(Figs. 13, 14, 15, 16). 
DiscussION 

The results of the experiments of Series I 
(Tables 1-4) support the more recent views that 
miracidia select suitable snail hosts more or less 
by chance, and that certain abnormal (as well as 
normal) hosts appear to stimulate miracidia to 
attempt penetration once contact has been made. 
The actual penetration into normal hosts was 
never observed; however, the behavior of the 
miracidia when contact was made with the snail 
indicated that a definite effort was made to enter 
the tissues. Also, when the abnormal hosts were 
exposed, the miracidia, in most cases, appeared 
to make some effort to penetrate. Of the 19 ab- 
normal host-parasite combinations studied, the 
miracidia in 6 of these combinations displayed a 
determined effort to penetrate the tissues of the 
snails. In 11 other combinations, the miracidia 
were observed to make brief attempts to pene- 
trate. In the remaining 2 combinations, the mira- 
cidia did not appear to be aware of the presence 
of the snails, even when contact was made. It is 
clear, therefore, that under the controlled condi- 
tions of this study there is little support for the 
“attraction theory,” since only 2 of the 19 com- 
binations gave results of the type expected under 
the operation of a specific chemical stimulus. On 
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TABLE 3 
Showing for Schistosomatium douthitti the prominent types of miracidial behavior in the presence of normal 
and abnormal snail hosts and the prominent types of host tissue reaction to this parasite 


Types of Tissue Responset 


Type of 
Snail Hosts No. Snails Miracidial : 
Behavior* Prominent Other Types 
(no. of snails) (no. of snails) 
Normal Hosts 
Lymnaea palustris 70 3 4 (10 of 12) 1 (2 of 12) 
L. stagnalis 25 4 4 (9 of 12) 1 (3 of 12) 
Stagnicola emarginata canadensis 12 4 4 (9 of 12) 1 (3 of 12) 
Physa gyrina 50 3 1 (46 of 50) 2 (4 of 50) 
Abnormal Hosts 
Physa parkeri 10 2 1 (10 of 10) 
P. magnalacustris 10 2 1 (10 of 10) 
Stagnicola emarginata angulata 10 3 4 (6 of 7) 1 (1 of 7) 
Fossaria abrussa 8 3 4 (7 of 7) 


* Miracidial behavior 
Type 2—Miracidia stick briefly to snail, swim away, return, ete. 
Type 3—Miracidia contact snail and move rapidly over the surface, stick intermittently, swim 
away, return, etc. 
Type 4—Miracidia stick to snail upon contact and appear to be penetrating. 
+ Tissue response 
Type 1—No change in tissues to indicate that miracidia had penetrated. 
Type 2—Miracidia penetrated, a marked tissue reaction is present, sporocysts dead or dying. 


Type 4—Miracidia penetrated, no indication of tissue reaction, normal sporocyst development. 


TABLE 4 
Showing for Schistosoma mansoni the prominent types of miracidial behavior in the presence of normal 
and abnormal snail hosts and the prominent types of host tissue reaction to this parasite 


Types of Tissue Responset 


Type of 
Snail Hosts No. Snails Miracidial 
Behavior* Prominent Other Types 
(no. of snails) (no. of snails) 
Normal Host 
Australorbis glabratus 60 4 4 (8 of 10) 1 (2 of 10) 
Abnormal Hosts 
Helisoma trivolvis 30 3 1 (30 of 30) 
H. campanulatum 15 3 1 (12 of 12) 
Stagnicola emarginata angulata 10 ] not examined 
Physa parkeri 13 | not examined 


* Miracidial behavior 
Type 1—Miracidia ignore the snail. 
Type 2—Miracidia stick briefly to snail, swim away, return, ete. 
Type 3—Miracidia contact snail and move rapidly over the surface, stick intermittently, swim 





away, return, ete. 
Type 4—Miracidia stick to snail upon contact and appear to be penetrating. 


t Tissue response 


Type 1—No change in tissues to indicate that miracidia had penetrated. F 
Type 4—Miracidia penetrated, no indication of tissue reaction, normal sporocyst development. nor! 
the other hand, 17 of the 19 combinations yielded It is not possible to draw sweeping conclusions in 
results supporting the views that contact with because of the extreme complexities of the host- FE; 
snail hosts occurs by chance, and that, once con- __ parasite relations. However, it is clear that, in the cells 
tact is made, the miracidia are stimulated to at- case of almost all the miracidia and snails tested F 


tempt penetration. in this study, the miracidia located the snails by the : 











Figs. 9-12 


Fig. 9. Normal mother sporocyst of 7. elvae in Fossaria abrussa, X500, showing germinal cells and 
normal host tissue surrounding the parasite, 24 hours after exposure. 

Fig. 10. Abnormal mother sporocyst of 7’. elvae in F. abrussa, X 500, showing degenerating parasite 
in the absence of any host tissue response, 6 days after exposure. 

Fig. 11. Normal mother sporocyst of 7’. elvae in Bulimnaea megasoma, X 500, showing normal germinal 
cells in the absence of a host tissue response, 12 hours after exposure. 

Fig. 12. Abnormal mother sporocyst of 7’. elvae in B. megasoma, X500, showing abnormal parasite in 
the absence of a host tissue response, 36 hours after exposure. 
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Figs. 13-16 


Fic. 13. Normal mother sporocyst of S. douthitti in S. emarginata angulata, X500, showing apparently 
normal parasite in the absence of a host tissue response, 48 hours after exposure. 
Fic. 14. Normal mother sporocyst of S. douthitti in Fossaria abrussa, X500, showing normal germinal 
cells and absence of a host response, 8 hours after exposure. 
Fic. 15. Normal mother sporocyst of S. douthitti in F. abrussa, X500, 24 hours after exposure 
Fic 16. Normal mother sporocyst of S. douthitti in F. abrussa, X500, 4 days after exposure 
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chance and the tissues of the snails stimulated the 
miracidia to attempt penetration. If a stimuius 
specific for normal hosts is not responsible for di- 
recting miracidia to them, then what is it that de- 
termines the suitability of a snail as a host? The 
information obtained from the tissue studies 
makes it possible to propose a working hypothe- 
sis. 

The careful study of tissue sections is the most 
reliable method for determining the susceptibility 
of snails to infection with trematodes. By re- 
moving the snail tissues at intervals after ex- 
posure to miracidia, and preparing stained sec- 
tions for histopathologic observations under the 
microscope, one can determine conclusively 
whether or not the miracidia have penetrated. 
Moreover, in the case of successful penetrations, 
the extent and rate of development of the result- 
ing larval stages can be ascertained, and the reac- 
tion(s) of the tissues can be observed. Despite the 
value of this method it requires considerable time 
and effort, since thousands of sections must be 
prepared in a large experiment involving both 
normal and abnormal snail hosts. Perhaps this is 
responsible for the few published accounts of its 
use in such studies. 

The results of the experiments of Series II 
(Tables 1-4) make it possible to draw definite con- 
clusions concerning the susceptibility of the test 
snails to the miracidia employed. Study of the 
tissues of the so-called normal snails revealed that 
not all of the miracidia in any given exposure 
penetrated, nor, in fact, did one hundred per cent 
of the snails become infected in every experiment. 
As would be expected, the more miracidia in- 
volved, the greater was the percentage of snails 
becoming infected. The factors responsible for 
these observations are not clear, as one might ex- 
pect all normal snails to become infected when 
exposed in close quarters. However, it is logical to 
assume that susceptibility to infection among 
individual snails of a given species, or variety, 
differs as demonstrated in other groups of ani- 
mals. In all the normal host-parasite combina- 
tions, with the exception of one, normal sporocyst 
development was observed and the surrounding 
host tissues had the same appearance as the tis- 
sues of the non-exposed control snails. The one 
exception was observed in the Physa gyrina- 
Schistosomatium douthitti combination (Table 3). 
When this experiment was designed, it was as- 
sumed that P. gyrina was a normal host for this 
schistosome (Price, 1931). However, the tissue 
studies showed that in 46 of the 50 snails exposed 
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the miracidia did not succeed in penetrating. The 
few that succeeded in penetrating were killed 
within 24 hours by a rapid tissue reaction resem- 
bling that described by Newton (1952) and 
Brooks (1953). It is concluded, therefore, that 
Physa gyrina is not a suitable host for Schisto- 
somatium douthitti, at least in the Douglas Lake 
region where this combination was employed. 
Price may have confused the cercariae of Giganto- 
bilharzia huronensis, described by Najim (1956) 
from Physa gyrina, with those of S. douthitti, since 
these cercariae appear to be morphologically sim- 
ilar upon gross examination. 

Tissue studies of the abnormal snail hosts re- 
vealed that the test miracidia failed to penetrate a 
majority of the snails. In 12 of the 17 abnormal 
snail-parasite combinations involved in this phase 
of the study, no evidence of miracidial penetra- 
tion could be found. Therefore, total refractive- 
ness was the most common type of natural 
immunity displayed by the abnormal hosts used 
in this study. It will be recalled (Tables 1-4) that 
in 17 of the 19 combinations used in the first 
phase of the study, the miracidia contacted the 
snails and made attempts to penetrate. The fact 
that penetration was successful in only 5 of 17 
cases makes it clear that in the selection of a snail 
host contact alone is not important. This is fur- 
ther proof that the “attraction theory” does not 
apply to the present cases. In 5 abnormal hosts 
(usually related to the normal hosts) penetration 
was successful and was followed by the develop- 
ment of 3 different types of host-tissue reaction. 
In one of the abnormal host-parasite combina- 
tions (Stagnicola emarginata angulata-Trichobil- 
harzia elvae), the few miracidia that had succeeded 
in penetrating were killed quickly by the rapid, 
intense type of tissue reaction (Table 1). In two 
other abnormal hosts for 7’. elvae (Table 1), the 
invading parasites died and began to degenerate 
within 1.5 to 6 days after penetration. There was 
no indication of a host-tissue reaction, indicating 
a situation similar to that described by Stiegler 
(1954). In the remaining 2 so-called abnormal 
combinations, the results were even more sur- 
prising. The miracidia of Schistosomatium dou- 
thittt not only penetrated Stagnicola emarginata 
angulata and Fossaria abrussa, but for 4 days the 
resulting mother sporocysts were observed to be 
developing normally without any indication of a 
host-tissue reaction (Table 3). It appears, there- 
fore, that these snails may be suitable interme- 
diate hosts for S. douthitti. However, before draw- 
ing conclusions older infections should be studied 
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to determine whether cercariae are produced. The 
results for these 5 abnormal hosts give further 
evidence to refute the “attraction theory,” since 
according to this view such hosts should not even 
be contacted. The results also indicate that there 
are all degrees of natural immunity operating in 
such abnormal snails. This conforms to the find- 
ings in other animals, and suggests that the im- 
munity has a genetic basis. 


SUMMARY 


Two bird schistosomes (Trichobilharzia elvae, 
T. physellae) and 2 mammalian schistosomes 
(Schistosomatium douthitti, Schistosoma mansoni) 
were used in 2 series of experiments: 1) to deter- 
mine the behavior of the miracidia in the presence 
of normal and abnormal snail hosts, and 2) to de- 
termine by subsequent studies of the snail tissues 
whether penetration occurred, and, if so, the ex- 
tent of larval development and the host-tissue 
reaction(s). 

The miracidia attempted to penetrate all 7 spe- 
cies or varieties of normal hosts and 17 of the 19 
species or varieties of abnormal hosts. 

The tissue studies revealed that in all normal 
host-parasite combinations, except Physa gyrina- 
Schistosomatium douthitti, the miracidia had pene- 
trated and normal sporocysts were seen in the 
absence of any tissue reaction. In the one excep- 
tion, only a few snails had been penetrated and 
the parasites were killed by a rapid host-tissue 
reaction. This indicates that this snail has been 
incorrectly classified as a normal host for this 
schistosome in the area of study. 

Tissue studies of the abnormal hosts showed 
no evidence of penetration in 12 of 17 species or 
varieties. It is worth noting that in the 5 cases of 
successful penetration, most of the snails are 
closely related to the normal hosts. All degrees of 
parasite adjustment were noted in these 5 cases, 
from rapid death by an intense host-tissue reac- 
tion to normal development of sporocysts without 
a tissue reaction. In the latter cases (Schistoso- 
matium douthitti in Fossaria abrussa and Stagni- 
cola emarginata angulata), the snails will be reclas- 
sified if, as seems likely, later studies show that 
cercariae are produced. 

It is clear in the cases studied that miracidia 
were not attracted to the normal snails by a spe- 
cific chemotactic stimulus, but contact was a 
chance phenomenon involving abnormal hosts as 
well. It would appear, therefore, that factors in- 
volved in penetration and intra-snail development 
governed the suitability of the snail hosts. Finally, 
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there is a suggestion that the natural immunity 
exhibited by the abnormal hosts, as in other ani- 
mals, has a genetic basis, since it varied in degree 
among the many species and varieties. 
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THE EFFECTS OF TEMPERATURE, MOISTURE, AND INITIAL LEVELS OF 
ORGANIC MATTER UPON DIFFERENTIAL MICROBIAL COUNTS, CO, 
ACTIVITY, AND ORGANIC MATTER DECOMPOSITION IN SOIL!:? 


By Geratp H. ELKANn® anp W. E. C. Moore 


Department of Biology, Virginia Polytechnic Institute, Blacksburg, Virginia 


The process of organic matter decomposition 
in soil has been shown to be influenced by the 
effect of environment upon the organic matter 
decomposing organisms. While much general 
information is available concerning the influence 
of various environmental factors upon decom- 
position rates, little work has been reported 
correlating the influence of individual environ- 
mental factors upon the composition, respiration 
rates, and organic matter decomposing activities 
of the microbial population. 

Gray and Wallace (1957, 1957A) have pub- 
lished data from field trials indicating significant 
correlation between soil CO: evolution and 
microbial counts as well as between bacterial 
numbers and organic matter levels. Jensen 
(1930) found a general increase in microbial 
counts with increasing organic matter levels in 
several Australian soils, but found that this 
increase was not directly proportional to the 
increasing organic matter content. 

In the present study the influence of tempera- 
ture, moisture, and initial organic matter level 
upon the CO, activity, total, fungal, and acti- 
nomycete counts, and rates of organic matter 
decomposition is studied in soils incubated in 
tumblers. Correlations are determined to indi- 
cate relationships between microbial numbers, 
CO: activity and organic matter decomposition 
rates in soil. 

A major difficulty confronting field studies 
of this nature stems from the interactions between 
the several environmental factors. Interactions 
between the organisms themselves necessitate 
that studies of microbial organic matter decom- 
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position involve treating the soil as an ecological 
unit rather than working with microbial isolates. 
This approach was advocated by Winogradsky 
(1928) and has been strongly emphasized by 
Katznelson and Stevenson (1956). While pot or 
tumbler experiments do not duplicate field 
conditions, they offer an approach which makes 
possible controlled environmental conditions to 
an extent where a single environmental variant 
may be studied and the ecological unity of soil 
may still be approximated. The results of several 
such tumbler trials are presented here. 


MATERIALS AND METHODS 


Duplicate tumblers containing 500 grams of 
sieved Groseclose silt loam containing 5.81% 
matter were incubated at temperatures of —20. 
2.7, 10, 30, and 39 degrees centigrade for 18 
weeks. A second set of tumblers containing the 
same soil, but with 4.84% by weight of added 
alfalfa meal as source of raw organic matter, 
was incubated for the same length of time at 
similar temperatures. Each soil was maintained 
at 20% moisture throughout the experiment. 

In a similar manner, duplicate tumblers with 
soil containing 3.04% organic matter, and 
another set of tumblers containing the same 
soil but with 4.88% alfalfa meal added, were 
maintained at 5, 10, 15, 20, and 30% moisture. 
All of these tumblers were incubated at 30°C. 
for 14 weeks prior to analysis. 

A third tumbler study was designed to de- 
termine the effects of increasing amounts of 
readily decomposable organic matter upon mi- 
crobial CO, evolution, microbial numbers, and 
organic matter decomposition. The basal medium 
was a sandy-clay loam subsoil (pH 4) containing 
41% organic matter. Alfalfa meal was added 
in increasing amounts to this soil. Duplicate 
tumblers with soil containing an added 0, 2.5, 
5.0, 7.5, 10.0, 12.5, 15.0, 17.5, 20.0, 22.5, 25.0, 
27.5, 30.0, 50.0, 75.0 and 99.0 per cent (by 
weight) alfalfa meal were incubated for 21 
weeks at 20% moisture and 30°C. temperature. 

The determinations of microbial counts were 
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made using Bhat’s (1944) medium for total 
numbers, Jensen’s (1930) medium for actinomy- 
cetes, and Martin’s (1950) rose bengal agar for 
fungi. The rose bengal medium was modified by 
the omission of streptomycin since the absence 
of this component did not noticeably affect the 
selectivity of the medium. 

CO, activity was determined using the method 
of Elkan and Moore (1960). When measuring 
the effect of temperature upon the CO, activity 
of soil, the CO, flasks were incubated at the 
same temperature at which the soil tumblers 
had been stored. 
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Organic matter determinations were made 
using the potassium dichromate, oxidation- 
reduction, titration method of Peech et al. (1947) 
and a Beckman Model K automatic titrator. 

Two composite soil samples were obtained 
from each tumbler for analysis. These were 
obtained by thoroughly mixing all of the soil 
in the tumblers. Sub-samples were then taken 
from these bulk samples for the various deter- 
minations. Samples for plating were deflocculated 
with NaCl as described by Wilson (1939) using 
the techniques of Gamble (1951). Samples were 
diluted to the appropriate count range, plated 


TABLE 1 
Statistical summary of mean squares, evaluating the effects of temperature, moisture, and initial 
organic matter level upon CO, activity, total, fungal, and actinomycete counts, and organic matter 
decomposition rates 





Source of Variation 


Mean Squares 





v. F| COz 




















| Total Fungi Actinomycetes | Organic matter 
on | 
Temperature Variable (5.81% | | | 
organic matter) | 
Between treatments. | 41 Bar| AL 467 .3* 4376.4*** 1446.0 
Between tumblers “within | | 
replicatest................| 5 | 190.0 327 .2** 70.7 | 157.6 783 .0*** 
Errort | 10 88.0 37.5 45.2 408 .8 23.3 
Temperature Variable (10.65% 70 , | 
organic matter) | 
Between treatments. | 4] 43019.3*** | 8229.0* 8216 .6* 526.5* 25466 .0** 
Between tumblers within | 
replicatest......... 4 5} 502.6" | 1533.4**| 1178.5°*| 593.5 1920.8 
_ Sort & 10 102.6 18.2 131.2 | 241.0 1040.6 
Moisture Variable (3. 04% « or- t 
organic matter) | 
Between treatments........ 4| 1286.0* 3190.7* 18316.7***| 12339.6*** 91.3 
Between tumblers within rep-| 
atten). stuteabivenly, ty 5| 121.0* | 288.0 ms | a 15 a3 69.0*** 
ES a are ee 10) 30.5 | 321.6 2.1 
Moisture Variable (7.92% or- 
ganic matter) | 
Between treatments... . vs] 4 | 7969.8* | 30819 .0* 8338 .0* 105199 .7* 1783 .0* 
Between tumblers within rep-| | 
licates corscccccccee? OF 1317.8* | 11025.4* 903.0 14690.8** 232.0 
CE Bah act ro crater y aredain ead 10 327.7 | 2297.1 890.6 1333.3 279.7 
Initial Organic Matter | 
Between treatments. ........ 14| 853.4*** | 23466.0** | 413865.0** | 529266.0*** | 193930.0*** 
Between tumblers within rep- 
Re eee 15 36.8** 3388.0* | 28406.0 6410.7* 2219.8* 
ST ee ae 30 7.03 | 1109.0 | 144771.0 2831.0 | 650.0 
| 








sa Signifie ant at the 5% level of probability. 

** Significant at the 1% level of probability. 
*** Significant at the .1% level of probability. 
t Error term for went. 

t Error term for tumblers within replicates. 





























136 JOURNAL OF THE MITCHELL Society 
I3xw% 
38 
H 
a \ToTa - 
® 2 
2 ioe x 
3 § _PFUNGI $ 
z § Ps Ss 
.. 2 a of 40 
2.5 co - 
Biot «er di sak 
sii f \ ale 
# > \ Pa i 5 
° -20 10 ° 10 20 30 40 ° 
SOW TEMPERATURE °C g 
L 








Fig. 1. Effect of soil temperature upon micro- 
bial counts, CO, evolution, and organic matter 
decomposition (Tumbler cultures at 20% mois- 
ture, 18 weeks incubation, 5.81% initial organic 
matter). 


in triplicate, and incubated at 30°C. for 7 days 
before counting. Data were analyzed statistically 
by means of an analysis of variance to test the 
individual measures of microbial activity against 
each controlled variable. Treatment difference 
was tested using the variation between tumblers 
within replications as the error term. Simple 
correlations were determined among all com- 
binations of the factors measured. 


RESULTS 
Temperature Study 

When a field soil containing 5.18% organic 
matter was incubated for 18 weeks at various 
temperatures, statistically significant effects of 
temperature upon CO, evolution, fungal and 
actinomycete counts were observed as shown in 
Table 1. Total microbial counts and organic 
matter decomposition rates did not vary signifi- 
cantly as a result of temperature variation. 

As shown in Fig. 1, CO: evolution in general 
increased as the temperature increased. Carbon 
dioxide evolution was found to be highest at 
39°C. Actinomycete counts were highest in 
samples taken from the frozen soil. Total and 
fungal counts increased with increasing tem- 
peratures, but while total counts decreased at 
39°C., fungal numbers continued to rise. Organic 
matter decomposition was at a minimum at 
10°C. A decrease in CO, activity was also de- 
tected at this temperature. Each point for mi- 
crobial counts in Fig. 1 represents the average 
of twelve values. Each CO: and organic matter 
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point represents the average of four determina- 
tions. A statistically significant positive correla- 
tion was found between fungal counts and CO, 
evolution (Table 2). 

When 4.9% alfalfa meal was added to the 
same soil as a source of readily decomposable 
organic matter different results were obtained 
(Fig. 2). As opposed to native soil, all measures 
of microbial activity were significantly influenced 
by temperature changes (Table 1). CO: evolu- 
tion, differential microbial counts and organic 
matter decomposition were all higher at the 
same temperatures than was true in the native 
soil. Total counts increased with temperature 
increases, but as before, at the highest tempera- 
ture a decrease in total microbial numbers was 
observed. Carbon dioxide evolution was highest 
at 2.7°C., an observation which was reflected by 
maximum fungal and actinomycete counts near 
the same temperature. Organic matter decom- 
position rates increased as the incubation temper- 
atures increased. Statistically significant correla- 
tions were measured between total counts and 
organic matter decomposition rates as well as 
between fungal counts and CO, evolution 
(Table 2). 


Moisture Study 

A field soil (Groseclose silt loam) containing 
3.04% organic matter was incubated at 30°C. 
for 14 weeks. The moisture content of duplicate 
tumblers of this soil were maintained at several 
levels between 5 and 30% moisture by weight. 
The results of this experiment are illustrated in 
Fig. 3. Carbon dioxide evolution and all differ- 
ential counts varied significantly due to treat- 
ment (Table 1). Organic matter decomposition 
was not affected significantly by increasing 
moisture levels. The highest counts, shown in 
Fig. 3, were found between 50 and 75% of field 
moisture capacity. Maximum CO, activity and 
organic matter decomposition, however, were 
found at the highest moisture level, in spite of 
the fact at this level of moisture, total, fungal, 
and actinomycete populations, as measured, 
were decreased. There was a significant negative 
correlation between total counts and CO: evolu- 
tion evolution, and a significant positive cor- 
relation between total and fungal counts 
(Table 2). 

As shown in Fig. 4, when 4.88% by weight of 
alfalfa meal was added as a readily decomposable 
source of organic matter to the same soil under 
the same moisture treatments, CO. evolution, 
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TABLE 2 
Correlation coefficients determined between CO, evolution and total counts; CO, evolution and actinomycete 





counts; CO: evolution and fungal counts; CO, evolution and organic matter digestion; total counts and 
actinomycete counts; total counts and fungal counts; actinomycete counts and fungal counts; organic 
matter digestion and total counts; organic matter digestion and actinomycete counts; and organic matter 


digestion and fungal counts. 








Correlation Coefficients 
































































Treatments l | ao ‘ 
[D.-|c0 ana Total] GOuend | Oeand | CO snd | Tote and 
EO he = | —" ss 
Temperature Variable | 
I. Sew Soa ea aiding bcp abun | 3 | —.6054 | —.7010 .7300 4948 | .4714 
2 OS See ere eee ree | 3| —.1529 | 6637 9464* | —.1591 | .5356 
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Fig. 2. Effect of soil temperature upon microbial 
counts, CO, evolution, and organic matter decom- 
position (Tumbler cultures at 20% moisture, 18 
weeks incubation, 10.65% initial organic matter). 


microbial counts, and organic matter digestion 
were greater than in native soil. A significant 
response to moisture was obtained for all meas- 
ures of activity except total counts (Table 1). 


Fic. 3. Effect of soil moisture upon microbial 
counts, CO, evolution, and organic matter decom- 
position (Tumbler cultures at 30°C., 14 weeks 
incubation, 3.04% initial organic matter). 


In contrast with the lower organic matter soil, 
organic matter decomposition was significantly 
affected by the different moisture levels. Statis- 
tically significant correlations were measured 
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Fic. 4. Effect of soil moisture upon microbial 
counts, CO, evolution, and organic matter de- 
composition (Tumbler cultures at 30°C., 14 weeks 
incubation, 7.92% initial organic matter). 


between total and actinomycete counts, as well 
as between total and fungal counts. In contrast 
with the moisture effects at lower organic matter 
levels, maximum CO, evolution, fungal, and 
actinomycete counts occurred at 5% moisture. 
Highest total counts were measured at 10% 
moisture. However, in spite of a considerable 
decrease in all measured microbial populations 
at 30% moisture, the organic matter decomposi- 
tion rate increased significantly. 


Initial Organic Matter Levels 


When raw plant material was added to soil in 
the previous studies, an increase in microbial 
counts, CO, activity, and increased organic 
matter decomposition resulted. These observa- 
tions prompted experiments to determine the 
effect of increasing amounts of such organic 
material upon these measures of microbial 
activity. A sandy clay loam subsoil containing 
41% organic matter was utilized in this study. 
Figure 5 summarizes the results. The initial 
small addition of alfalfa meal caused a very 
rapid increase in all the measures of biological 
activity. For each measurement a maximum was 
obtained between 20 and 30% organic matter. 
Higher levels proved inhibitory, especially for 
fungi which number less than 10,000 per gram 
of soil at 99% organic matter. The response to 
varying levels of organic matter proved highly 
significant for all factors measured. Statistically 
significant correlations were measured between 
CO, evolution and total counts, CO. evolution 
and organic matter digestion rate, total counts 


Fic. 5. Effect of organic matter content upon 
microbial counts, CO, evolution, and organic 
matter decomposition (Tumbler cultures at 30°C., 
20% moisture, 21 weeks incubation). 


and organic matter digestion rate, and between 
total and fungal counts. 


Discussion 


Both the temperature and moisture studies 
indicated that the zymogenic microflora which 
arose in response to the alfalfa meal supplement 
was considerably more sensitive to environmental 
changes than was the autochtonous population. 

In addition, the zymogenic flora produced 
maximum and minimum activities at different 
points on the curves in response to increasing 
moisture or temperature. 

At the highest moisture level, 30%, which 
was above field capacity, there was an apparent 
inhibition of the measured microbial population. 
However, it was at this moisture level that the 
maximum amount of organic matter decomposi- 
tion occurred for both levels of initial organic 
matter. Maximum CO, evolution appeared at 
the highest moisture level in the low organic 
matter soil only. The anomalous increase in 
organic matter decomposition may indicate the 
influence of the Pasteur Effect. The flora at 
high moisture levels probably includes anaerobic 
bacteria, aquatic fungi, protozoa, algae, and 
other such microorganisms which were not quan- 
titatively measured. Future work is needed to 
determine the significance of such microbes and 
their role in organic matter decomposition in soil. 

Small increments of decomposable organic 
matter when added to soil had a great influence 
upon the ecology of soil microbes. A qualitative 
taxonomic examination of the fungi indicated 
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that a small addition of organic material caused 
a complete change in the predominant fungal 
types. There was, however, no measurable cor- 
relation between the predominant genera and 
organic matter levels. At a low level of organic 
matter, several genera of fungi would predomi- 
nate, and these genera might be completely 
absent at the next higher organic matter level. 
However, the same genera would again be present 
in large number on plates from still higher organic 
matter soil samples. 

All of the measures of biological activity ap- 
peared to be sensitive indicators of environmental 
changes. However, there appeared to be no 
consistent correlations among the various mea- 
sures. For example, significant correlations be- 
tween CO, evolution and total plate counts 
were measured in only two of the five trials 
reported. A significant negative correlation 
between these two factors was measured in the 
low organic-matter-level moisture trial, and a 
highly significant pesitive correlation was ob- 
served when the initial organic matter levels 
were varied. One apparent reason for the lack 
of correlations between measurements may be 
due to the fact that there were only three degrees 
of freedom in the temperature and moisture 
experiments. In these preliminary experiments, 
measurements were obtained at the end of the 
incubation periods. To fully determine the 
degree of relationship between the three measures 
of microbial activity it would be necessary to 
sample the soil at more frequent intervals. Such 
experiments are now in progress. 

When the soil organic matter levels were 
increased it was possible to statistically relate 
CO: evolution, total microbial counts, and organic 
matter decomposition rates. These results appear 
to be in agreement with reported field investi- 
gations (Gray and Wallace, 1957, 1957a; Jensen, 
1930). , 

There was a relatively high variation between 
tumblers within the same treatment. Much of 
this variation could be ascribed to the fact that 
it is difficult to maintain precise levels of moisture 
or temperature in the relatively small volumes of 
soil. 
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SUMMARY 


The influence of temperature, moisture, and 
initial organic matter levels upon differential 
microbial numbers, COz evolution, and rate of 
soil organic matter decomposition was measured 
using tumbler trials. As temperature was in- 
creased from 0 to 39°C., fungal counts generally 
increased, actinomycetes generally decreased, 
and total counts increased until 39°C., at which 
temperature a decrease in total numbers occurred. 
Carbon dioxide evolution and organic matter 
digestion rates reached minima at 10°C. A dif- 
ferent response in all measured factors was 
observed when raw organic matter was added to 
soil at the same temperature. 

Maximum total and actinomycete counts were 
found at 10% by weight of soil moisture, and 
fungi at 15%. CO, evolution and organic matter 
digestion were highest at 30%, a point at which 
all counts were depressed. When the organic 
matter content of the soil was increased, different 
results were obtained. 

Increases in raw organic matter caused rapid 
increases in all of the measures of biological 
activity until a peak was reached between 20 
and 30% organic matter. Greater levels of organic 
matter proved inhibitory, expecially for the 
fungi. 

All of the measures of biological activity were 
sensitive to environmental changes. However, 
there were no consistent correlations among 
these measures. 
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PARMELIA ULOPHYLLODES (VAIN.) SAVICZ IN THE NORTH AMERICAN 
LICHEN FLORA 


By Wiiuram L. CuLBEeRsoN 


Department of Botany, Duke University, Durham, North Carolina 


Several years ago, in studying some epiphytic 
Parmeliae of Wisconsin, I reported Parmelia 
manshurica Asahina as new to North America 
(Culberson, 1955). My determinations, based on 
descriptions in Asahina’s studies, were confirmed 
by Professor Asahina who then generously gave 
me a paratype of the species. Recently, however, 
Professor V. P. Savicz of Leningrad sent material 
of P. ulophyllodes (Vain.) Savicz and it is ap- 
parent that my American plants and Dr. 
Asahina’s oriental ones belong to this earlier 
described species. 

Since my first report more American collec- 
tions of the species have been made or found in 
herbaria, and now a more detailed and accurate 
diagnosis is possible. 


Parmelia ulophyllodes (Vain.) Savicz, Bull. 
du Jard. Impér. Bot. de Pierre le Grand [Petro- 
grad] 15(3-4): 316. 1915. 

P. dubia (Wulf.) Schaer. var. ulophyllodes 
Vain., Acta Soc. pro Fauna et Flora Fenn. 13(6): 
7. 1896.—P. borreri Turn. var. ulophyllodes (Vain.) 
Zahlbr., Cat. Lich. Univ. 6: 157. 1930.—P. kern- 
stockiit Lynge et Zahlbr. f. subnuda B. de Lesd., 
Ann. de Crypt. Exotique 5(2): 122. 1932.—P. 
andreana Mill. Arg. f. subnuda (B. de Lesd.) 
Sant., Ark. fér Bot. 31A(7): 21. 1944.—P. man- 
shurica Asahina, Jour. Jap. Bot. 17(2): 75. 1941. 


Thallus small to middle size, 2.5-7.0 em. 
broad; lobes short and narrow, 2-4 mm. broad; 
upper surface vellow, yellowish-green, or straw- 
colored, smooth or slightly wrinkled, not pseudo- 
cyphellate, abundantly sorediate; soredia in 
marginal or labriform soralia, best developed on 
lobes towards the center of the thallus; lower 
surface smooth or only slightly wrinkled, brown 
to black with brown margins; upper cortex 
13-20u, medulla 125-290yu, lower cortex 10-23y 
thick; apothecia cup-shaped, to 6 mm. broad, 
the thalline margin with a few erumpent soralia; 
spores 8, ellipsoid to oval, 6—8 x 8—13y. Re- 
actions: upper cortex KOH-, Ca(OCl)-, 
paraphenylenediamine —; medulla KOH—, Ca 
(OCl)2+ red, paraphenylenediamine—. Con- 
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stituents: usnic acid and lecanoric acid (micro- 
chemical determinations). 

On bark and old wood, apparently uncommon. 
Central Lake States and Rocky Mountains from 
Colorado to south-central Mexico; Japan to 
central Russia. 

The following specimens, from Duke Univer- 
sity Herbarium unless otherwise noted, have 
been examined: 


U.S.A. Minnesota: Clearwater Co., Lake 
Itasca (Univ. of Wis. Herb.). Wisconsin: Burnett 
Co., Round Lake, Culberson 4368; Chippewa Co., 
Bloomer, Culberson 4315 (duplicate of an authentic 
specimen of P. kernstockii f. subnuda B. de Lesd.); 
Douglas Co., Solon Springs, Culberson 3396; 
Dunn Co., Elk Mound, Culberson 3485; Washburn 
Co., Shell Lake, Culberson 4302 (duplicate of an 
authentic specimen of P. kernstockii f. subnuda 
B. de Lesd.). MicuigaAn: Emmet Co., French 
Farm Lake, Robinson & Crum. Co.vorapo: El 
Paso Co., Palmer Lake, Hale (= Lich. Amer. 
Ezs. 15, sub P. andreana Mill. Arg.). NEw 
Mexico: Socorro Co., Magdalena Mts., Shushan 
& Weber S-6836 (only fertile specimen). ARrt- 
ZONA: Pima Co., Santa Catalina Mts., Darrow 
1944 (Darrow Herb.). 

MEXICO. Pussta: Acatzingo, Brother Amable 
8411 (with P. andreana Mill. Arg.). 

JAPAN. Prov. SHinano: Takahashi (paratype 
of P. manshurica Asahina). 

U.S.S.R. Recio TRANSBAIKALENSIS: 
Korotky. 


Izinga, 


Although it is apparent that all specimens 
listed above belong to a single species, the Amer- 
ican ones exhibit a somewhat broader variation 
than is known from Asiatic collections. Whether 
our plants belong to a morphologically distinct 
subspecies will be determined only when more 
materials, especially from Asia, are available. 
Some American plants are distinctly more robust 
and have broader lobes (to 4 mm.) than the 
Asiatic ones. Several even have a few erumpent 
soralia which, when young, approximate pseu- 
docyphellae. The latter plants thus approach 
P. andreana Mill. Arg., chemically the same as 
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TABLE 1 
Comparison of Parmelia ulophyllodes and P. 
andreana 


P. ulophyllodes 





P. andreana 





thalli small, 2.5-7.0 cm. | thalli larger, to 12 em. 


broad broad 

lobes narrow, 2-4 mm. | lobes large, 5-15 mm. 
broad broad 

not pseudocyphellate abundantly pseudo- 


cyphellate 


erumpent soralia lack- | erumpent soralia 


ing or few common 
soredia almost entirely | soredia marginal and 
marginal superficial 
undersurface smooth or | undersurface, especially 
only slightly of the outermost 


lobes, deeply 
wrinkled 

| undersurface _—_ usually 
black, rarely brown 


wrinkled 


undersurface usually 


brown, rarely black 





P. ulophyllodes and a locally common but only 
recently recognized component of the North 
American lichen flora. Such specimens of P. 
ulophyllodes were described by Bouly de Lesdain 
as P. kernstockii |= andreana] f. subnuda from 
New Mexico. The presence or absence of pseu- 
docyphellae, however, is not the only criterion 
for the separation of P. ulophyllodes and P. 
andreana and, even if an occasional pseudocyphel- 
late plant of P. ulophyllodes is found, other 
characteristics are still sufficient to justify 
recognition of the species. The differences be- 
tween the species are summarized in Table 1. 
The relationship between P. andreana and P. 
ulophyllodes is not the same as that between P. 
dubia (Wulf.) Schaer. and P. ulophylla (Ach.) 
Wilson. The first two differ in a number of ways 
as pointed out above and P. ulophyllodes has an 
apparently more restricted range than the almost 
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world-wide P. andreana. P. ulophylla, however, 
is only a form of P. dubia in which most soredia 
are in marginal soralia. It appears throughout 
the range of the widespread P. dubia. The gray- 
colored P. ulophylla and P. dubia are easily 
distinguished from P. wulophyllodes and P. 
andreana which are both yellowish. P. ulophylla 
and P. dubia contain leconoric acid and 
atranorin (both colorless substances); P. 
ulophyllodes and P. andreana contain lecanoric 
acid and usnic acid (yellow). 

Acharius (1810) named P. caperata var. 
ulophylla from a single Swiss specimen. Vainio 
saw the holotype of var. ulophylla, reduced the 
insignificant variety to a synonym of P. dubia, 
and then described P. dubia var. ulophyllodes to 
accommodate two Siberian specimens with 
yellowish thalli. Studying material from the 
central (western Asiatic) part of Russia, V. P. 
Savicz (in Lydie Savicz, 1915) interpreted the 
variation as of specific magnitude and elevated 
Vainio’s variety. In 1928 Vainio, apparently 
unaware that Savicz had raised var. ulophyllodes 
to specific rank more than ten years earlier, made 
the “new combination” himself. Vainio’s ‘‘com- 
bination,” not Savicz’s, was then recorded by 
Zahlbruckner (1930) in the ‘“Catalogus’’ from 
which the error has been perpetuated. 
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ON THE CULTURE OF PANUS STYPTICUS! 


By Martin RoepeR aNpD Racuet H. Roeper 


Department of Biology, The Woman’s College of the University of North Carolina 


INTRODUCTION 

In attempting to analyze chemical differences 
which may exist between luminescent and non- 
luminescent strains of the fungus Panus stypticus, 
it became necessary to devise methods for rapid 
growth of large amounts of mycelia and fruiting 
bodies of this form. 

Adequate growth of luminescent fungi has 
previously been reported on a wide variety of 
artificial substrata. Molisch (1912) reported 
successful cultures of Armillaria mellea and 
Mycelium X on cherry agar, plum agar, malt 
agar, and on water-saturated bread. Bothe (1928) 
reported satisfactory use of bread agar to which 
various inorganic salts had been added for the 
same forms. Macrae (1942) in her studies on 
inheritance in Panus stypticus, reported the use 
of malt agar. Wassink (1948) recommended the 
use of bread agar for the production of intense 
luminescence from Armillaria mellea, Mycena 
polygramma and Omphalia flavida. Harvey 
(1952), however, reported that growth of Panus 
stypticus on sterilized birch, beech, and oak 
blocks, and on malt agar, while successful, was 
slow on all media, and therefore concluded that 
this form was not especially well suited for studies 
of luminescence. On the basis of these reports a 
preliminary study of the growth requirements of 
Panus stypticus was undertaken in this laboratory. 

Four strains of Panus stypticus were obtained 
through the courtesy of Dr. Mildred K. Nobles, 
Department of Agriculture, Ottawa, Canada. 
These cultures were transferred to malt agar 
slants, and later to water-saturated bread in 
Erlenmeyer flasks for maintenance of the stocks. 

Inocula were prepared. by grinding mycelia 
for two minutes in a precooled Waring Blendor 
with 25 ml of malt extract solution. Five ml of 
the ground material were used as a standard 
inoculum. 

Culture media tested were: 


Water-saturated oak blocks 
Water-saturated oak sawdust 





1 Supported in part by a grant from the Faculty 
Research Council of The Woman’s College. 
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Water-saturated bread? 
Difeo malt agar 
Bread agar 


dried bread crumbs 10% 
agar 1% 
water 


Malt broth 


malt broth 1.5% 
maltose 1.0% 
trace element solution (Burkholder 
and Nickell, 1949) 0.01% 

water 

Malt extract agar 
malt extract 1.5% 
maltose 1.0% 
agar 0.5-1.0% 
water 

Malt extract solution 
malt extract 1.5% 
maltose 1.0% 
water 


The malt extract solution on occasion was 
prepared with 0.01% of the trace element 
solution. 

The saturated oak blocks and oak sawdust 
were placed in 250 ml flasks. Agar slants and 
plates were prepared from Difco malt agar, 
bread agar, and malt extract containing 1.0% 
agar. Special plates were prepared from malt 
extract containing 0.5% agar, the surfaces of 
these plates were then covered with cellophane 
disks, and the inoculum was added to the surface 
of the disk. Harvesting involved removing the 
disk from the plate, and scraping or peeling 
the mycelial mat from the cellophane. Erlenmeyer 
flasks were prepared containing either water- 
saturated bread, malt broth, or malt extract 
solution, with and without trace elements. The 
flasks containing malt extract solution with 
trace elements were tested in three ways: 

1) they remained stationary through the 
growth period. 

2) they were constantly agitated on an Eber- 

2 In all cases where bread was used it was neces- 


sary to obtain bread to which no proprionate 
salt had been added. 
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bach shaker, at approximately 120 strokes per 
minute. 

3) they were constantly agitated while oxygen 
was slowly bubbled into the mixture. 

Other flasks, containing malt extract solution 
without trace elements, were lined with dialysis 
tubing before the inoculum was added. These 
were then rotated throughout the growth period, 
so that the inoculum, adhering to the tubing, 
was alternately immersed in the medium and 
exposed to air. Finally, dialysis bags filled with 
malt extract solution were placed in 1000 ml 
beakers, the surface of the bags was inoculated, 
and the beakers sealed with aluminum foil. 


RESULTS 

Since this study was a necessary preliminary 
to our project rather than a comprehensive 
growth requirement study, the results are re- 
ported as to relative productivity. In all cases 
the growth of the culture was judged visually, 
with no attempt to evaluate it quantitatively 
because of the difficulty of separating the my- 
celium completely from the solid media. 

Growth on oak blocks and on sawdust was, 
as reported by Harvey, extremely slow, produc- 
ing cultures of only 5-10 mm diameter after 
three weeks. 

Growth on bread agar was the slowest of the 
three solid agar media tested, but the intensity 
of luminescence was greatly enhanced on this 
medium. Growth on malt agar was somewhat 
more rapid, yet resulted in mycelial mats which 
barely covered the surface of a petri plate in 
three weeks. This is in agreement with the re- 
ports of both Molisch and Harvey. The most 
rapid growth on solid agar media was obtained 
from cultures on malt extract agar. The cello- 
phane disk technique in no way inhibited the 
rate of growth. 

Flasks containing water-saturated 
showed very rapid growth with good lumi- 
nescence. These preparations grew more rapidly 
and were more resistant to drying than either 
bread agar or malt agar. 

Flasks of malt extract, with and without trace 
element solution, and of malt broth were com- 
pared for their ability to support rapid growth. 
Malt extract alone proved to be as good as malt 
extract to which trace elements had been added, 
and superior to malt broth. Cultures grown in 
malt extract solution on the shaker provided the 
most rapid growth obtained in this study. After 
four days many pellets composed of fine mycelial 


bread 
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threads were apparent, but no luminescence was 
ever observed in either shaken or stationary 
submerged cultures. Since oxygen is required 
for luminescence (Harvey, 1952), shake cultures 
were prepared through which a constant stream 
of oxygen was bubbled. No immersed cultures 
showed luminescence. However, mycelia growing 
on the sides of the flasks, just above the surface 
of the liquid but still in the splash zone of the 
shake cultures, did luminesce. 

In connection with this phenomenon, two 
procedures were devised. In the first, Erlenmeyer 
flasks containing malt extract solution were 
lined with dialysis tubing. Cultures were added 
to the surface of the tubing. The flasks were then 
rotated, so that the cultures were alternately 
immersed in the medium and exposed to air 
throughout the growth period. These cultures 
grew rapidly, but showed no _ luminescence. 
Upon being removed from the roller, and allowed 
to stand upright for 24 hours, they luminesced 
brightly. 

Secondly, dialysis bags filled with malt extract 
solution were placed in 1000 ml beakers and 
sealed, after inoculation, with aluminum foil. 
These preparations provided an excellent sub- 
stratum for the fungus. Growth was rapid, and 
luminescence good. Some destruction of bags 
occured during autoclaving, but three or four 
bags placed in the bottom of a beaker provided 
an excellent harvest. Collection was simplified 
since the mycelia separated easily from the 
surface of the liquid filled bags. Several of these 
cultures have produced intensely glowing fruiting 
bodies within two weeks (Figs. 1 and 2). This 
procedure is currently being employed in further 
studies. 

Several attempts were made to increase the 
light production of colonies by the addition of 
substances capable of transferring hydrogen 
atoms or electrons in biological systems. Among 
those tried, at concentrations close to 107 
molar, were reduced diphosphopyridine nucleo- 
tide (DPNH), Flavine monophosphate (FMN), 
quinone, dihydroxyphenylalanine (DOPA). In 
every instance the presence of these substances 
suppressed the luminescence of the culture. 


SUMMARY 


The growth of Panus stypticus var. luminescens 
on various media has been tested. Progressively 
more rapid growth was obtained in wood, bread 
agar, Difco malt agar, water-saturated bread, 
malt extract agar, malt broth and malt extract 
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Fig. 1. Colony of Panus stypticus grown in dialysis bags containing malt extract, showing fruiting 
bodies. Photographed by reflected light. Actual size. 

Fig. 2. Colony identical with that shown in Fig. 1, photographed by its own light. Taken on Ansco 
Super Panchro Press, at f5.6 for 36 hours. Actual size. 
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solution. Satisfactory growth of stock cultures 
was obtained on water-saturated bread. Cultures 
prepared in this manner were resistant to drying 
and luminesced brightly. Shake cultures of malt 
extract solution produced the most rapid growth, 
but displayed no luminescence. Rapid growth, 
good luminescence, and easy harvesting of 
mycelium were obtained from cultures growing 
on the outside of dialysis bags containing malt 
extract solution. Cultures of this sort frequently 
formed fruiting bodies. The addition of various 
substances capable of acting as hydrogen transfer 
agents to the cultures always diminished light 
production. 
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LAGENIDIUM CALLINECTES COUCH IN BARNACLE OVA 


By T. W. Jounson, Jr.! AND Rupert R. Bonner, Jr.” 


In 1942, Couch described Lagenidium cal- 
linectes from ova of the blue crab, Callinectes 
sapidus Rathbun. Subsequently, Rogers-Taibert 
(1948) published an account of the fungus in 
“sponges” (egg masses) from blue crab in the 
Chesapeake Bay. She gave particular attention 
to ecological factors. Through the courtesy of 
Dr. John D. Costlow of the Duke University 
Marine Laboratory, we were initially provided 
with infected lamellae of the barnacle Chelonibia 
patula Ranzani. The fungus in these egg masses, 
and in ones subsequently collected, was examined 
in various developmental stages, and identified 
as L. callinectes. This paper reports our obser- 
vations. 

Chelonibia patula is a large, white or gray- 
white barnacle that occurs commonly on the 
carapace of Callinectes sapidus(particularly the old 
females), and on Limulus polyphemus L. (King 
or Horseshoe crab), among other marine animals. 
Chelonibia lamellae are large, usually paired, and 
white; as the embryos develop, the eggs undergo 
color change. 

Lamellae were dissected from the animals and 
placed in raw (as opposed to “aged’’) sea water. 
For examination, the material was mounted on 
ordinary slides or in depression slides. Cross- 
inoculation and infection tests were carried out 
as follows: 25 ml of raw sea water were put in 
each of 10 Petri plates. A small portion of blue 
crab “sponge”? (about 25 ova) was put in each 
dish, and one infected barnacle lamella added. 
These cultures were incubated for 48 hours at 
25°C, the barnacle eggs removed, placed in 
separate dishes, and all plates then re-incubated 
for one week. On the ninth day the crab eggs 
were examined for infection. Three control plates, 
consisting only of the crab ova in sea water, 
were also incubated for the 9-day period. Ova 
for controls were taken from the same “sponge”’ 
used in the cross-inoculation plates. 

Characteristics of Lagenidium callinectes in 
barnacle ova differ in some respects from those 
of the same species as recorded by Couch (1942). 

1 Department of Botany, Duke University, 
Durham, North Carolina. 

? Bureau of Commercial Fisheries, Beaufort, 
North Carolina. 


The most obvious difference, perhaps, is the 
preponderance of extramatrical hyphae in the 
fungus from barnacles. According to Couch, L. 
callinectes mycelium develops entirely within the 
ovum membrane of the blue crab, but sporulates 
extramatrically by producing sporangial dis- 
charge tubes. The extramatrical hyphae of the 
fungus in Chelonibia are 8-14 yu in diameter, and 
usually profusely branched; the longest hypha 
measured was 1030 yu. Internally, the extramat- 
rical hyphae are either reticulately vacuolate 
or have very diffuse cytoplasm containing nu- 
merous refractive oil globules. The emergent 
hyphae are without septa, but the intramatrical 
ones are sparingly septate. Commonly, the 
emergent hyphal apices are bulbous; as far as is 
known, these expansions do not develop into 
sporangia. Intercalary globose swellings also 
develop in the extramatrical filaments. Hyphae 
within the ovum, however, are very similar to 
those described by Couch: stout, sparingly 
septate, irregular, and filling the ovum. 

Sporangium and discharge vesicle formation 
in the fungus from Chelonibia are similar, but not 
identical, to the stages described and illustrated 
by Couch (1942, pl. 19, figs. 12-14) for the crab- 
egg fungus. Two features are dissimilar. The 
first of these is development of the sporangial 
vesicle at the apex of the long, emergent hyphae. 
The second difference is in the nature of the 
vesicle in its early formation. As the vesicle 
enlarges (at the tip of the sporangial discharge 
tube), its wall does not seem to be gelatinous. 
Rather, it is consistent with, and of the same 
thickness as, the hyphal wall. The vesicle, there- 
fore, is merely an expansion of the discharge 
tube apex, and is not secreted internally from 
the tube. 

Sporangia are produced through intramatrical 
hyphal segmentation. Consequently, some of the 
emergent hyphae (those ultimately producing a 
vesicle) are the sporangial discharge tubes. In 
Lagenidium callinectes from blue crabs, these 
discharge tubes are short; in the same species 
from Chelonibia ova, the tubes are very long. 
Figures 10 and 11 accompanying Couch’s paper 
(1942, pl. 19), applying to the fungus in crab 
eggs, also illustrate adequately the features of 
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discharge tube penetration through the barnacle 
ovum membrane. However, the discharge tube 
bese, as it enters into and emerges from the 
membrane (barnacle), is not markedly thickened 
as Couch figures it (1942, pl. 19, figs. 12, 13) for 
L. callinectes in blue crab. 

Spore emergence in the Lagenidium from 
Chelonibia ova is precisely like that described for 
L. callinectes. The planonts are cleaved within 
the vesicle and escape through a lateral or ter- 
minal break in the persisting vesicular wall. 
Planonts are the same size as those described 
by Couch. 

As in the Lagenidium from blue crab ova, the 
fungus in barnacles produces resting cells (18-36 
uw in diameter), but these are apparently uncom- 
mon. Of the few examined, all but one were 
intercalary in the hyphae; the exception was 
terminal. Two such resting “spores” were ob- 
served during germination. The oil deposits 
migrate centrally in the resting cell, and gradually 
disappear. As the oil bodies disintegrate (?) the 
resting cell wall becomes thin, and the entire 
body enlarges slightly. At one point on the wall, 
an evagination develops which elongates to 
become a hypha with the characteristics of the 
intramatrical filaments. Because the hyphae 
from the two germinating resting cells became 
intermingled with other intramatrical filaments, 
it was impossible to follow further developmental 
stages. 

Seven of the ten cross-inoculation and infec- 
tion cultures were positive; that is, the Callinectes 
ova were infected by the fungus growing in 
Chelonibia lamellae. The three negative cultures 
probably resulted from failure of the fungus in 
barnacle eggs to sporulate, hence inoculation 
could not occur. None of the blue crab ova in 
the controls was infected. Only one sporangium 
that developed in experimentally-infected Cal- 
linectes ova produced a discharge tube. This 
tube was short and thick-walled at the entrance 
and exit through the ovum membrane, just as 
Couch (1942) figured it for the fungus in blue 
crab. Sporulation had occurred, since the dis- 
charge tube apex was expanded into an empty, 
partially deliquesced vesicle. Other than this 
single discharge tube, there were no extramatrical 
hyphae coming from the Callinectes ova, al- 
though the eggs were filled with mycelium. The 
successful cross-infection confirms, we believe, 
the morphological evidence that the fungus in 
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barnacle lamellae is the same species as that in 
the Callinectes “sponges.” 

Both Couch (1942) and Sparrow (1939) ree- 
ognized that the generic limits of Lagenidium, 
could well be revised. Including, for example, 
L. chthamalophilum (Johnson, 1958) with its 
preformed, evanescent vesicle, markedly changes 
certain concepts with respect to the genus. 
Lagenidium callinectes from Chelonibia has one 
characteristic, certainly, that is not a part of 
the genus as it is now understood. This feature 
is the profuse extramatrical hyphal system. In 
assimilative growth, at least, L. callinectes ap- 
proaches certain myceloid members of the 
Pythiaceae and Peronosporales. There is increas- 
ing evidence, we believe, that if the generic 
limits of Lagenidium are not extended, the coarse 
mycelial forms such as L. callinectes and L. 
chthamalophilum cannot in all likelihood be 
retained in the genus. 

One point in connection with Lagenidium 
callinectes should be emphasized. In keys to 
members of Lagenidium there is at least an 
indication that most species are host specific. 
Lagenidium callinectes, certainly, is not. However, 
it is not surprising to find the fungus from blue 
crab ova invading the eggs of the barnacle, or 
vice versa. The close proximity of the two sus- 
cepts is adequate to account for the cross- 
transfer. 


SUMMARY 


Lagenidium callinectes Couch is reported from 
lamellae of Chelonibia patula, a barnacle develop- 
ing on the carapace of Callinectes sapidus. Ex- 
tramatrical hyphae are very abundant in the 
fungus as it occurs in Chelonibia, in contrast to 
the exclusively intramatrical hyphae of the 
same species in Callinectes ova. The fungus can 
infect blue crab eggs, under laboratory condi- 
tions, in nonsterile, raw sea water. 
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ISOLATION AND CULTURE OF FUNGI FROM WOOD SUBMERGED IN 
SALINE AND FRESH WATERS 


By Ro.tr SrepMann! anp T. W. JouHNnson, JR. 


Department of Botany and the Marine Laboratory, Duke University, Durham, North Carolina 


Certain fungi, particularly Ascomycetes, have 
been isolated by various investigators (Barg- 
hoorn and Linder, 1944; Héhnk, 1955; Johnson, 
1956; Johnson, et al., 1959; Meyers, 1957) from 
wood submerged in coastal waters. These isolates 
were obtained, almost exclusively, from fructi- 
fications visible with a dissecting microscope, 
from sporulating mycelium on the surfaces of the 
substratum, or were secured after wood panels 
had been incubated for varying periods of time 
in damp chambers (Johnson, et al., 1959; Meyers 
and Reynolds, 1958). In our investigation, 
isolations were attempted irrespective of whether 
or not mycelium or fructifications were detectable 
on the submerged wood surfaces. This paper 
reports the results of this study. 

Wood panels were autoclaved for one hour, 
and subjected for 24 hours to propylene oxide. 
The panels were then submerged in “strings” 
(Johnson, et al., 1959) in coastal and estuarine 
waters for varying periods of time. They were 
subsequently brought to the surface and trans- 
ported aseptically to the laboratory where they 
were scraped free of sessile organisms, if neces- 
sary. The invaded wood was then used as a 
source of inoculum. Station locations and salinity- 
temperature ranges extant during the sub- 
mergence periods are given in Table 1. 

Two isolation media routinely gave the best 
results. The first was Meyers’ medium (1957) 
modified to the following constitution: yeast 
extract, 1 g; cellulose, 5 g; glucose, 5 g, and 
agar, 20 g, in one liter raw (as opposed to ‘“‘aged’’) 
sea water. Rose bengal (1:3000 concentration) 
was incorporated as a bacterial inhibitor. The 
second medium was Héhnk’s (1935) standard 
carraghen (Chondrus crispus) agar modified to 
contain, per liter, 0.5 g glucose, 0.5 mg dibasic 
potassium phosphate, 0.025 mg each of ammo- 
nium nitrate, ammonium sulfate and magnesium 
sulfate, and 10 g agar. These ingredients were 
added to a water extract of Irish moss. Ten 
grams, dry weight, of the alga were boiled for 

‘Present address: Prairie Regional Research 
Laboratories, Saskatoon, Saskatchewan, Canada. 


two hours in one liter of raw sea water. The 
material was filtered through cotton, and the 
filtrate reconstituted to a liter with tap water. 
As a bacterial inhibitor, 0.5 M potassium thio- 
cyanate was used (Janke, 1946). In both media 
the reaction was adjusted to pH 6.5-7.0. 

Rose bengal in Meyers’ medium was not 
universally effective as an inhibitor, particularly 
where “spreader” bacteria developed. In subse- 
quent transfer and propagation of the isolates, 
penicillin G and dihydrostreptomycin (concen- 
tration employed by Watson and Ordal, 1957) 
were added to the transfer media. Both rose 
bengal and KSCN inhibited the fungus colonies 
to some extent. Meyers’ medium with 3 g sodium 
tetraborate per liter, or 0.6 M KSCN, was of 
limited value in initial isolation; the more rapidly 
growing fungi such as Fusaria were not inhibited, 
and very quickly covered the medium surface. 

Our main efforts were concentrated on isolat- 
ing fungi from two spruce panels that had been 
submerged for 52 days in sea water off the Duke 
Marine Lab pier. The entire surface of the panels 
was scraped under aseptic conditions, and the 
partially decomposed scrapings suspended in 
600 ml sterile raw sea water, and shaken vigor- 
ously. Five Petri plates of modified Meyers’ and 
five of Héhnk’s agar were seeded with 1 ml of 
the suspension, and the same number of plates 
with 2 ml. The remainder of the original 600 ml 
suspension was diluted with 3 liters of sterile 
sea water, shaken, and used in seeding 10 addi- 
tional plates (5 of Héhnk’s and 5 of Meyers’ 
agar) with 1 ml each. Seeded plates were incu- 
bated at 25°C., and at intervals checked for 
fungus colonies. As fungi appeared on the isola- 
tion plates, they were transferred to other media. 

Wood from an old, creosoted piling submerged 
in the Beaufort Inlet yielded a number of fungi 
that were isolated by the foregoing dilution 
method. The dilution used for the wood panel 
scrapings was too low for preparing suspensions 
of driftwood prior to seeding plates. Colonies 
from driftwood were so abundant that isolation 
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TABLE 1 
Sources of inoculum for isolations 











Period of submergence 








Station Wood species Franc Initial CEP g salinity Final eae gialinity 

Marine Lab Pier Pine 116 26.5; 28.7 21.9; 26.3 
(summer) 

Marine Lab Pier Spruce 52 12.9; 26.1 8.0; 29.0 
(winter) 

Core Creek... Pine 117 26.5; 31.1 20.0; 28.6 

(summer) 

Riverdale Pine 117 25.0; 11.6 21.3; 9.2 
(summer) 

Street’s Ferry.. Maple 117 25.4; 0.0 19.6; 0.0 

Wood that had been submerged in a coastal Ehrenb., Helicoma maritimum, Stemphylium 


estuary was also used for isolation purposes 
(Table 1). Small shavings of these panels were 
planted directly on the isolation media, or were 
suspended in sterile water, shaken, and 1 ml 
aliquots of the suspension were plated onto the 
surface of both media in Petri plates. 

All isolates were transferred to at least three 
of five additional media prior to identification. 
These were the modified Meyers’ and Héhnk’s 
agars (both without inhibitors), malt agar, 
potato dextrose agar, and Phytone agar (Cooke, 
1954). These media were made up with tap 
water and sea water. Malt agar (Janke, 1946) 
was prepared by dissolving 300-400 g of Bor- 
cherdt’s liquid malt soup extract in 2 liters of 
boiling tap water. The specific gravity was ad- 
justed to 1.038 (20°C.), with 30% salinity se: 
water (1.065 sp. g. at 20°C.). The medium was 
filtered through cotton, and 2 per cent agar 
added. Phytone agar (slightly modified) con- 
sisted of 10 g dextrose, 5 g phytone, and 20 g 
agar per liter. This medium proved to be es- 
pecially useful in propagating sphaeropsidaceous 
fungi. The pH of all these media was adjusted 
to 6.5-7.0; all cultures were incubated at 25°C. 

The fungi isolated from the wood panels are 
listed in the subsequent paragraphs. Table 1 
may be referred to for temperature-salinity data 
at the various collection points. 

Pine panel, 116 day submergence, DML pier: 
Cladosporium herbarum Link ex Fr., Helicoma 
maritimum Linder, Helminthosporium halodes 
Drechsler, Pullularia pullulans Berkhout, Tricho- 
derma lignorum (Tode) Harz (syn. T. viride 
Pers.). 

Pine panel, 117 day submergence, Core Creek: 
Cladosporium herbarum, Epicoccum purpurascens 


lanuginosum Harz, Trichocladium sp. (Hughes, 
1952), Trichoderma lignorum, Trichosporium sp., 
Pyrenochaeta sp. 

Pine panel, 117 day submergence, Riverdale: 
Cladosporium herbarum, Curvularia lunata (Wak- 
ker) Boedijn, Helicoma maritimum, Tricho- 
cladium sp., Trichoderma lignorum. 

Maple panel, 117 day submergence, Street’s 
Ferry: Cladosporium herbarum, Trichoderma 
lignorum, Pyrenochaeta sp., Chaetomium (?)bostry- 
chodes Zopf. 

Drift wood, Piver’s Island (sea water): Alter- 
naria tenuis Nees emend Neergaard (1945), 
Cladosporium herbarum, Curvularia lunata, Hel- 
minthosporium tetramera McKinney, H. halodes, 
Trichocladium sp., Phoma sp. 

Piling, DML pier (sea water): 
tenuis, Stemphylium ilicis Tengwall. 

Spruce panels, 52 day submergence, DML 
pier: Alternaria tenuis, Cladosporium elatum 
(Harz) Nannfeld, C. herbarum, Coniothecium sp., 
Curvularia lunata, Epicoccum purpurascens, 
Fusicladium sp., Periconia pycnospora Fres., 
Pullularia grumulosa (Lindau) Delitsch (1943), 
P. pullulans, Torula herbarum Link ex Fries, 
Trichoderma lignorum, Trichosporium sp., Verti- 
cillium alboatrum Reinke et Berthold, Conio- 
thyrium spp. (3 different isolates), Haplosporella 
sp., Phoma sp., Pyrenochaeta sp., Sphaeronaema 
sp., and Chaetomium (?)bostrychodes. 

Certain fungi were isolated from panels at all 
four collection stations. Among these are Clado- 
sporium herbarum and Trichoderma lignorum. 
Others, though not isolated from panels at all 
stations, did develop on panels in the fresh water 
and sea water sectors of the estuary. Chaetomtum 
(?)bostrychodes is a case in point. Helicoma mari- 


Alternaria 
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timum, described originally (Barghoorn and 
Linder, 1944) as a marine fungus, was isolated 
only from panels submerged in saline waters. 

In addition to the foregoing fungi, numerous 
colonies of Aspergillus, Penicillium, Gliocladium 
and Fusarium occurred in the isolation agar 
plates. Fusaria were especially abundant. Ap- 
proximately two-thirds of the fungi isolated 
from the wood panels did not form reproductive 
cells in culture, hence could not be identified. 
Some of these non-fruiting isolates may have 
been the mycelium of the Ascomycetes, such as 
those reported by Johnson and his co-workers 
(1959), that occur on submerged wood. 

Propylene oxide, combined with autoclaving, 
is adequate to sterilize wood panels. In a series 
of tests conducted by the junior author, wood 
samples thoroughly saturated with sterile sea 
water, autoclaved and exposed to propylene 
oxide fumes were free of fungi after two weeks 
in the baking dish incubators described by John- 
son, et al. (1959). No fungi could be isolated 
from deep within such panels. We feel confident, 
therefore, that the fungi isolated from the panels 
used in our investigation were not on or in the 
wood prior to submergence. 

Although several fungi, some of which, cer- 
tainly, are “terrestrial” species, were obtained 
from the panels, mere isolation is not in any way 
indicative of the ability of the fungi to grow 
abundantly in the wood, under water. To de- 
termine, in a general way, the growth patterns 
of the fungi on submerged wood, we cultured 
most of the isolates in shake flasks containing 
wood strips. 

Two series of Erlenmeyer flasks were partially 
filled with spring water or sea water. Two or 
three basswood strips (30-50 x 5-10 x 5-10 mm) 
were inserted into the flasks in such a way that 
after autoclaving, the strips were immersed in 
the water. After sterilization, the content of the 
flasks was inoculated with small bits of the 
mycelium (often including conidia) of the various 
isolates. The flasks were then shaken (at room 
temperature) for 214 months. The wood strips 
were then removed, scraped, and the resulting 
material examined. The wood strips were split 
longitudinally, and thin slices, cut from the two 
surfaces so exposed, were mounted on a slide 
and examined. 

For most fungi tested, growth on the surfaces 
of the basswood strips was as abundant in the 
sea water flasks as on those strips immersed in 
the fresh spring water. Alternaria tenuis, Clado- 
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sporium elatum, C. herbarum, Helicoma mari- 
timum, Pullularia pullulans, Stemphylium lanu- 
ginosum, one isolate each of Coniothyrium and 
Trichosporium, and two isolates of Phoma, 
however, grew more abundantly in the sea water 
than in the fresh water flasks. 

Examination of the wood sections was limited 
to two phases: (1) presence, position, and diree- 
tion of hyphal growth in relation to the bass- 
wood vessel elements, and (2) presence or ab- 
sence of chlamydospores, conidia or pycnidia 
within the wood cells. As a result of these exami- 
nations, the fungi may be grouped according to 
their predominating growth aspect in the wood: 

I. Transverse growth across vessel elements; 
bore holes developed; hyphae with entrance-exit 
swellings: Alternaria tenuis. 

II. Longitudinal growth only, the hyphae 
parallel to the vessel elements’ longitudinal 
axis: Cladosporium elatum, C. herbarum, Fusi- 
cladium sp., Helicoma maritimum (conidia, but 
only at the exposed ends of the wood pieces), 
Helminthosporium tetramera (chamydospores and 
conidia), Pullularia pullulans (chlamydospores), 
Trichocladium sp. (conidia), Trichoderma lig- 
norum (chlamydospores), Coniothyrium sp. (a 
few, abnormal, elongated pycnidia in the vessels), 
Coniothyrium sp. (a second isolate, showing 
hyphae only near wood surface; pycnidia in the 
vessels at the ends of the wood strips), Haplo- 
sporella sp., Phoma sp. (two isolates, one form- 
ing chlamydospores), Pyrenochaeta sp., and 
Sphaeronaema sp. 

III. Transverse and longitudinal growth; bore 
holes produced; hyphae with entrance-exit 
swellings: Curvularia lunata (malformed conidia 
within the cells), and Helminthosporium halodes 
(hyphae not penetrating deeper than 1 mm into 
the wood). 

Coniothyrium sp., Phoma sp., Pyrenochaeta sp. 
and Sphaeronema sp. developed surface pycnidia 
lacking conidia. The other Sphaeropsidales, 
however, produced mature pycnidia with conidia. 
Epicoccum purpurascens, Stemphylium ilicis and 
S. lanuginosum grew only on the surface of the 
wood strips. 


DiscussION 


Fungi that are either representative of ‘“‘ter- 
restial” genera, or are themselves recognized as 
terrestrial or fresh water species, occur in a 
viable state in sea water. Accounting for the 
presence of these fungi on wood in sea water, 
however, can be done only by inference. We 
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believe that some so-called “terrestrial’’ fungi 
are not so restricted by habitat and substratum 
as mycological literature would suggest they 
should be. It is not at all surprising to us that 
Cladosporium herbarum, for example, can de- 
velop on wood, since the same fungus, as is well 
known, can grow on a wide spectrum of nutrient 
agars. Furthermore, some terrestrial ‘“molds,”’ 
particularly those commonly called “air con- 
taminants,” are adaptable to rather extreme 
environmental stresses, and may develop pro- 
fusely on a variety of substrates. The various 
components of wood cells, even though the wood 
is submerged in sea water, apparently are suit- 
able nutrients for certain terrestrial species. 
These ‘‘normally”’ terrestrial fungi, because of 
available and usable nutrition, are able to 
develop in submerged wood irrespective of the 
stresses imposed by sea water. 

Other workers have demonstrated conclusively 
that habitat designations for some fungi may be 
misleading. Ritchie (1954) reported, for example, 
the isolation of several fungi from wood sub- 
merged in sea water. These isolates were, he 
believed, known for the most part from soil or 
fresh water. That some soil-inhabiting Hypho- 
mycetes and Ascomycetes can occur as viable 
organisms in tidal-flat muds has been shown by 
Siepmann (1959). On the other hand, Gold 
(1959) found so-called lignicolous ‘“marine”’ 
fungi in the fresh water sectors of estuaries. 
Furthermore, instances where fresh water fungi 
can tolerate hypersaline waters, and marine 
fungi can grow in fresh water in agar culture, 
are well documented (Gustafsson and Fries, 
1956; Johnson, 1956; Johnson, et al., 1959; 
TeStrake, 1959). 

Three interpretations of our results seem 
warranted. In the first place, the mere occur- 
rence of a fungus in sea water does not determine 
that the fungus is “marine.” Secondly, none of 
the fungi isolated during this study is, so far as 
we know, “morphologically adapted” to sea 
water. Thirdly, future studies, using a variety of 
isolation techniques and media, will probably 
reveal that a very diverse, abundant fungal 
flora exists in marine habitats. 


SUMMARY 


Thirty fungi, representing 22 genera (one 
ascomycetous), were isolated from wood panels 
submerged in sea water, brackish water, and 
fresh water. All but two isolates, Trichocladium 
sp. and Stemphylium lanuginosum, occurred on 
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panels submerged continuously in sea water for 
52 and 116 days. The salinity ranges during the 
submergence times were 26.3-28.7% and 26.1- 
29.0%, respectively. Of the identified species, 
most if not all were “terrestrial”? fungi; Alternaria 
tenuis, Cladosporium herbarum, Curvularia lunata, 
Epicoccum purpurascens, Torula herbarum, and 
Pullularia pullulans are examples. 

The fungi were isolated on two media contain- 
ing various bacterial inhibitors. Most of the 
isolates were propagated on wood strips sub- 
merged in fresh and sea water. Subsequent wood 
sections showed that these fungi could either 
penetrate the wood cell walls directly or grow 
within the wood elements. 
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CLITOCYBE IN TENNESSEE AND NORTH CAROLINA! 


By H. E. BiceLtow anp L. R. Hester 


This is a report on forty-two species of Clitocybe 
which have been found in Tennessee and North 
Carolina during the last twenty-five years. Most 
of the collections were made by the junior author, 
and a few by Dr. A. J. Sharp, of the University 
of Tennessee. The principal areas searched in- 
clude eastern Tennessee and the mountains of 
western North Carolina. 

No study of the genus in this region has been 
made since Coker and Beardslee (1922) published 
on the Laccarias and Clitocybes of North Carolina. 
Twenty species of Clitocybe were included in this 
report. Of these, most modern investigators would 
place C. tumulosa (Kalchbr.) Sacc., C. conglobata 
(Vitt.) Bres., and C. subnigricans Peck in the 
genus Lyophyllum. According to the description 
and photograph, Beardslee’s specimens of C. 
cerussata (Fr.) Kummer are actually Lepista 
caespitosa (Bres.) Singer. Most of the other 
species reported by Coker and Beardslee have 
been found in the course of the current study. 

Although individuals and species of Clitocybe 
are most numerous in the summer, collections 
have been made during all seasons of the year. 
The majority of species are found on soil and 
humus, but a few seem slightly more specialized 
in their habitat. Clitocybe eccentrica Peck was 
found growing on acorns, although by no means 
confined to them; logs and stumps of deciduous 
trees seem preferred by C. ectypoides (Pk.) Sacc., 
C. illudens (Schw.) Sacc., and C. tabescens (Fr.) 
Bres. C. aurantiaca (Fr.) Studer has been col- 
lected on conifer logs and C. cyathiformis (Fr.) 
Kummer on deciduous logs, as is typical, but 
both species occur more frequently on the soil. 

Some seven years ago, the senior author began 
an extensive study of the genus Clitocybe in 
North America, and has studied most of the type 
specimens of species described from this con- 
tinent. All determinations have been reviewed 
by the senior author. 

The junior author is grateful for support in 
the form of a grant from the National Science 


1 Contributions from the Department of Bot- 
any, University of Massachusetts, Ambherst, 
Massachusetts, and the Botanical Laboratory 
University of Tennessee, Knoxville, Tennessee, 
N. Ser. No. 211. 


Foundation for a portion of the work which was 
performed during the last seven years. 


List oF SPECIES 


Below is an alphabetical list of species which 
have been collected to date. All collections re- 
ported are on deposit in the University of Ten- 
nessee Herbarium, and a portion of some of 
them are filed in the Herbarium of the University 
of Massachusetts. All collection numbers are the 
University of Tennessee Herbarium numbers. 
The letters “GSMNP?” refer to the Great Smoky 
Mountains National Park. 

The photographs included in this paper have 
been made by the junior author. 

Color names in quotation marks are from 
Ridgway, Color Standards and Nomenclature, 
1912. 


Clitocybe adirondackensis (Pk.) Saccardo, Syll. 
Fung. 5: 180. 1887. 

All collections on soil and humus, in both 
deciduous and coniferous woods: No. 3596, 
Knoxville, June; No. 11564, Indian Gap, 
GSMNP, July; No. 12808, Cades Cove, GSMNP, 
August; No. 14031, near Gatlinburg, GSMNP, 
September; No. 22145, Cades Cove, Abrams 
Creek, GSMNP, October; No. 22403, Mt. 
LeConte, GSMNP, September; No. 23326a, Mt. 
LeConte, GSMNP, August. 


Clitocybe albidula Peck, N. Y. State Mus. Ann. 
Rept. 46: 23. 1893. 

Pileus 1.5-4 cm. broad, convex with an in- 
curved margin at first, expanding to plane and 
somewhat depressed, glabrous, lubricous at 
times when wet, hygrophanous, whitish with a 
buff or olive tinge when moist, striatulate, fading 
to white and becoming opaque; flesh thin, pliant, 
pallid, odor and taste farinaceous. 

Lamellae slightly decurrent, narrow, close, 
whitish to pale cream colored (nearest “cartridge 
buff”’), edges even. 

Stipe 2-5 cm. long, 3-6(-10) mm. thick at the 
apex, equal or the base enlarged, stuffed becom- 
ing hollow, compressed at times, with a thin 
fibrillose coating at first, becoming glabrous and 
shining, concolerous with pileus but dingy-ap- 
pearing. 
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Spores 4-6.5 x 2.5-3.5 yu, elliptical, smooth, 
not amyloid, white in mass; basidia 15-22 x 
4-5.5 pw, 4-spored; cystidia not differentiated; 
pileus tissue: cuticular hyphae cylindrical, 1.5-5 
uw in diameter, tramal hyphae cylindrical or 
somewhat inflated, 2.5-20 u in diameter, clamp 
connections present; gill trama regular, hyphae 
cylindrical to somewhat inflated, 3-8.5(-13) u in 
diameter. 

On soil in pine woods, or on soil and humus in 
mixed woods. 

Material examined: Nos. 14096, 18864, 21582, 
Anderson Co., Tenn., December; No. 20268, 
Knox Co., Tenn., December; Delmar, N. Y., 
September, C. H. Peck (TYPE of C. albidula). 

Discussion. Clitocybe albidula can be dis- 
tinguished from other whitish or pale-colored 
hygrophanous Clitocybes by combination of the 
following characteristics: odor and taste farina- 
ceous; pileus glabrous and of small size (1.5-4 
em. broad), striate when moist; lamellae slightly 
decurrent, narrow and close; spores 4-6.5 x 
2.5-3.5 uw, white in mass; habitat under conifers. 

The pilei of the Tennessee specimens are paler 
than as described by Peck (1912) in his emended 
description. However, in view of the agreement 
in all other features of the carpophore with those 
of the type specimens, we do not feel the dif- 
ference is a sufficient basis for separation. Species 
in this group fade very rapidly, and it is often 
difficult to interpret subtle tinges of color. 
Clitocybe aurantiaca (Fr.) Studer, Hedwigia 40: 
6. 1900. 

No. 20509, on soil, in spruce woods, near 
Heintooga Overlook, GSMNP, August. 


Clitocybe brumalis (Fr.) Quélet, Champ. Jura et 
Vosges, p. 91. 1872. Fig. 2 

No 21626, on humus and moss-hummocks, in 
pine woods, Knox Co., Tenn., January. 


Clitocybe candicans (Fr.) Kummer, Fiihrer in die 
Pilzkunde, p. 122. 1871. 

On humus and mossy soil, in pine and oak- 
pine woods, in Tennessee: No. 13034, Knox Co., 
December; No. 16665, Anderson Co., December; 
No. 20776, Norris Dam, Anderson Co., January. 


Clitocybe carolinensis sp. nov. Fig. 1 

Pileus 3-8 cm. latus, convexus mox planus, 
rarius umbonatus vel depressus, margine co- 
status, saepe maculosus, non hygrophanus, 
griseus, pallidior vetustate; lamellae adnatae- 
subdecurrentes, demum decurrentes, angustae, 
confertae, albidae demum cremeae; stipes 3-7 
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em longus, 6-10 mm. crassus, fere aequalis, 
fibrillosus, albidus sursum, sordidus deorsum; 
sporae 5-7 x 2.5-4 yu. 

Specimen typicum legit L. R. Hesler, n. 21888, 
Highlands, N. C., July 17, 1955; in Herb. Univ. 
Tenn. conservatum. 

Pileus 3-8 em. broad, convex expanding to 
plane, umbonate at times, rarely broadly de- 
pressed, margin costate, surface fibrillose and 
dull, not hygrophanous but often with a band of 
watery spots near the margin, color gray (livid, 
“drab’’), paler in age; flesh thick on the disc, 
thin at the margin, white, firm, odor and taste 
not distinctive. 

Lamellae adnate to subdecurrent, finally short 
decurrent, close, narrow, arcuate, forked at times, 
whitish at first becoming cream color, edges even. 

Stipe 3-7 cm. long, 6-10 mm. thick, equal or 
the base subclavate, surface dry, appressed- 
fibrillose, whitish and silky above, dingy at the 
base, solid. 

Spores 5-7 x 2.5-4 uy, elliptical to ovate or 
obovate, smooth, not amyloid; basidia 19-35 x 
4-7 wu, 4spored; cystidia not differentiated; 
pileus tissue: cuticular hyphae cylindrical, 1.5-3 
uw in diameter, tramal hyphae cylindrical or 
somewhat inflated, 2.5-13 wu in diameter, clamp 
connections present; gill trama interwoven to 
regular, hyphae cylindrical, 1.5-4 u in diameter. 

On soil and humus, in pine woods. 

Material examined: No. 21888 (TYPE), 
Horse Cove, Highlands, N. C., July; No. 23132, 
near Highlands, N. C., August; No. 22024, 
Cades Cove, GSMNP, August. 

Discussion. Clitocybe carolinensis belongs to 
the section Disciformes, and is one of the group 
near C. clavipes (Fr.) Kummer, which includes 
C. subclavipes Murr., C. media Peck, C. sub- 
similis Peck. It is debatable whether the latter 
three are worthy of recognition at the species 
level, but, in any case, C. carolinensis is distinct 
from them or the many variations of C. clavipes 
by combination of the smaller spores, narrow 
and close lamellae, dry and fibrillose surface of 
the pileus. 

Clitocybe alexandri (Gill.) Konrad and C. 
nebularis (Fr.) Kummer have spores similar in 
size to those of C. carolinensis, but are larger and 
more flesh species. By way of further difference, 
C. alexandri darkens characteristically and be- 
comes sordid brownish throughout in age. C. 
nebularis has a strong disagreeable odor and taste. 

Clitocybe harperi Murr. and C. highlandensis 
Hesler and Smith are also more robust than C. 
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Fig. 2. (top) Clitocybe brumalis (Fr.) Quélet. X1 pil 

Fia. 3. (bottom) Clitocybe cyanolens Métrod. X1 Cl 

carolinensis, but have smaller spores (4-6 uw long), No. 20966, in beech-spruce woods, Indian Gap, | 
and lack clamp connections on the hyphae of _GSMNP, August; No. 22396, in pine-needle bed, de 
the fruiting body. Cades Cove, GSMNP, September. on 
Clitocybe clavipes (Fr.) Kummer, Fiihrer in die Clitocybe cokeri Hesler, Lloydia 6: 251. 1944. her 
Pilzkunde, p. 124. 1871. All collections from Tennessee, op soil, in pine, Mz 
On soil, in conifer and mixed woods: No. 5050, — beech, oak, and mixed woods: No. 10201, Ander- Chi 
in white pine woods, Highlands, N. C., July; son Co., January; No. 10206, Morgan Co., “ee 
No. 9265, in pine woods, Highlands, N. C., December; No. 12963 (TYPE), Anderson Co., ia 
August; No. 9444, Swain Co., N. C., September; December 15, 1940; No. 13040, Cades Cove, He. 
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GSMNP, December; No. 13172, Knox Co., 
January; No. 14138, Anderson Co., January; 
No. 15211, Knox Co., December; No. 21623, 
Knox Co., January. 

Clitocybe cyanolens Métrod. Bull. Soc. Myce. Fr. 
67: 387. 1952. Fig. 3 

All collections on soil in deciduous and mixed 
woods, GSMNP: No. 12221, Indian Creek, July; 
Nos. 21352, 21380, near Mt. LeConte, June; No. 
21424, Newfound Gap, July. 

Clitocybe cyathiformis (Fr.) Kummer, Fiihrer in 
die Pilzkunde, p. 120. 1871. 

No. 10723, on beech logs and trunks, Swain 
Co., N. C., GOMNP, August; No. 12307, on oak 
log, Highlands, N. C., August; No. 13073, on 
decaying wood and humus, Alum Cave Parking 
Area, GSMNP, November. 

Clitocybe dealbata (Fr.) Kummer, Fiihrer in die 
Pilzkunde, p. 121. 1871. 

No. 23503, on lawn, under Nandina, Knox Co.., 
Tenn., October. 

Clitocybe diatreta (Fr.) Kummer, Fiihrer in die 
Pilzkunde, p. 121. 1871. 

No. 22641, on lawn, under pine, Knox Co., 
Tenn., September. 

Clitocybe dicolor (Secr.) Murrill pro parte, My- 
cologia 7: 260, 1915. 

No. 14470, on soil, under spruce, Indian Gap, 
GSMNP, June. 

Clitocybe eccentrica Peck, Buil. Torrey Bot. Club 
25: 321. 1898. 

No. 22586, on decaying oak wood, acorns, and 

humus, Knox Co., Tenn., June. 


Clitocybe ectypoides (Pk.) Saccardo, Syll. Fung. 5: 
169. 1887. 

No. 11525, Mt. LeConte, GSMNP, June; No. 
20969, on logs and stumps of deciduous trees, 
Mt. LeConte, GSMNP, August; No. 21615, on 
pine log, Anderson Co., Tenn., December. ~ 


Clitocybe epichysium (Fr.) Bigelow, Mycologia 
50: 40. 1958. 

Three collections from GSMNP: No. 5327, on 
deeaying wood, Mt. LeConte, August; No. 9711, 
on log, Mt. LeConte, October; No. 17433, on 


hemlock stump, Alum Cave Parking Area, 
March. 
Clitocybe felleoides Kauffman, Papers Mich. 


Acad. Sci. 8: 194. 1927. 
No. 13915, on soil, in mixed woods, near Park 
Headquarters, GSMNP, August. 
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Clitocybe gibba (Fr.) Kummer, Fiihrer in die 
Pilzkunde, p. 123. 1871. 

Agaricus gibbus Fries, Syst. Myce. 1: 81. 1821. 

Agaricus infundibuliformis Fries, Epicrisis, p. 

68. 1836-38. 
Agaricus catinus Fries, Epicrisis, p. 72. 1836-38. 
Clitocybe infundibuliformis (Fr.) Quélet, 
Champ. Jura et Vosges, p. 88. 1872. 
Clitocybe catina (Fr.) Quélet, Champ. Jura et 
Vosges, p. 235. 1872. 

On lawn and in woods: No. 12811, on humus, 
near Park Headquarters, GSMNP, August; No. 
21859, on soil, under oak, Horse Cove, Highlands, 
N. C., July; No. 22350, on lawn, Highlands, 
N. C., July; No. 23408, on soil and humus, in 
mixed woods, Knox Co., Tenn., September. 


Clitocybe gigantea (Fr.) Quélet, Champ. Jura et 
Vosges, p. 88. 1872. 

No. 14483, in deep humus, in mixed woods, 
Indian Creek, GSMNP, August. 


Clitocybe griseopallida (Desm.) Singer, Lloydia 5: 
108. 1942. 

No. 20422, on 
GSMNP, June. 


grassy soil, Indian Gap, 


Clitocybe harperi Murrill, Mycologia 5: 209. 1913. 

All collections on soil, from Knox Co., Ten- 
nessee: No. 19518, in pine woods, November; 
No. 20267, in pine woods, December; Nos. 22692, 
23452, in deciduous woods, October. 


Clitocybe highlandensis Hesler and Smith, Lloydia 
6: 254. 1944. Figure 5 

On soil, in pine woods: No. 12903, Cades Cove, 
GSMNP, September; No. 16020 (TYPE) (A. 
H. Smith 7537), Highlands, N. C., September 
10, 1937; No. 21883, Highlands, N. C., July; No. 
23475, Highlands, N. C., October. 


Clitocybe hohensis (Smith) comb. nov. 
Omphalia hohensis Smith, Contr. Univ. Mich. 
Herb. 5: 27. 1941. 
No. 9700, on wet 
GSMNP, November. 


sandy bank, Elkmont, 


Clitocybe illudens (Schw.) Saccardo, Syll. Fung. 5: 
162. 1887. 

No. 20915, at the base of a chestnut stump, 
Highlands, N. C., July; and fifteen additional 
collections, on stumps of deciduous trees, in 
eastern Tennessee and western North Carolina, 
May through October. 


Clitocybe imaiana Singer, Ann. Mycol. 41: 44. 
1943. 
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No. 16724, on hemlock stump, Alum Cave 
Parking Area, GSMNP, April. 


Clitocybe inornata (Fr.) Gillet, Les Hyménomy- 
cétes, p. 155. 1874. 

No. 19343, in deep humus, in deciduous woods, 
Highlands, N. C., September. 


Clitocybe leptoloma (Pk.) Peck, N. Y. State Mus. 
Bull. 157: 68. 1912. Fig. 4 

No. 21886, on wood debris in humus, in mixed 
deciduous-pine woods, Horse Cove, Highlands, 
N. C., July. 


Clitocybe luteophylla nom. nov. 

Agaricus chrysophyllus Fries, Syst. Myce. 1: 
167. 1821. 

Agaricus hoffmani Peck, N. Y. State Mus. 
Ann. Rept. 24: 60. 1872. 

Omphalia chrysophylla (Fr.) Kummer, Fiihrer 
in die Pilzkunde, p. 107, 1871. 

Clitocybe hoffmani (Pk.) Saceardo, Syli. Fung. 
5: 197. 1887. 

Omphalina chrysophylla (Fr.) Murrill, North 
Amer. FI. 9: 346. 1916. 

Armillariella chrysophylla (Fr.) Singer, Lilloa 
22: 216, 1949. (published 1951). 

Gerronema chrysophyllum (Fr.) Singer, My- 
cologia 51: 380. 1959. 

No. 17063, on spruce log, Indian Gap, GSMNP, 
August. 

The species epithet 
available for a combination in Clitocybe because 
of C. chrysophylla Hruby, Hedwigia 70: 243. 
1930. According to the author, this species is near 
C. sinopica (Fr.) Kummer. Hruby cites the ce- 
currence of Omphalina chrysophylla in the same 


“chrysophylla” is un- 


paper, which indicates that he considered C. 
chrysophylla and O. chrysophylla as separate 
entities. 

Clitocybe odora (Fr.) Kummer, Fithrer in die 
Pilzkunde, p. 120. 1871. 

On soil and humus, in woods and road-cut 
GSMNP: No. 17949, Indian Creek, September; 
No. 18596, Park Headquarters, August; No. 
20515, Heintooga Overlook, August; No. 20523, 
near Smokemont, August. 


Clitocybe regularis Peck, N. Y. State Mus. Bull. 
10: 948. 1902. 

Pileus 1-4 cm. broad, convex at first, expand- 
ing to plane, dise shallowly depressed, margin 
sometimes repand in age, shape often orbicular, 
surface moist and shining, hygrophanous, watery- 
white with the disc sometimes tinged buff when 
moist, margin usually even, white when faded, 
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appressed silky-fibrillose under a lens; flesh 
thin, pliant, pallid, odor and taste mild. 

Lamellae short decurrent to decurrent, nar- 
row, close to crowded, white or tinged cream, 
edges even. 

Stipe (1-)2-4 em. long, 1.5-5 mm. thick, 
usually equal, base enlarged at times and white 
mycelioid, hollow, surface appressed silky-fibril- 
lose, appearing striate at times, whitish or tinged 
a pale buff. 

Spores 4-6 x 2.5-3.5 yu, elliptical, smooth, not 
amyloid, white in mass; basidia 14-24 x 4-6 uy, 
4-spored; cystidia not differentiated; pileus tis- 
sue: cuticular hyphae usually cylindrical, 1-4.5- 
(—6) w in diameter, tramal hyphac cylindrical to 
inflated, (2—)3.5-12(-18) uw, clamp connections 
present; gill trama regular, hyphae cylindrical, 
2-8 uw in diameter. 

On humus, in hardwoods, occasionally mixed 
woods. 

Material examined: No 10717, Swain Co., 
GSMNP, August; No. 12193, Indian Creek, 
GSMNP, July; No. 20576, Highlands, N. C., 
August; No. 22351, Highlands, N. C., July; 
No. 22411, near Mt. LeConte, GSMNP, Septem- 
ber; Bolton Landing, N. Y., August 22, C. H. 
Peck (TYPE of C. regularis). 

Discussion. Clitocybe regularis is very close to 
C. angustissima (Lasch) Kummer. Both species 
have a glabrous and hygrophanous pileus, color 
varying from whitish to pale buff, shape plane 
and only slightly depressed; lamellae decurrent, 
close, narrow, whitish; stipe whitish; habitat 
under hardwoods. As described by Ricken (1915), 
Nuesch (1926), and others, C. 
mainly distinct by the flexuous, long stipe (4-9 
em. long) and the small spores (3-4 x 2-3 yp). 
Other workers have reported somewhat larger 
spores for C. angustissima, e.g. Bresadola (1928): 
4-5 x 4 w; Kihner in Kiihner and Romagnesi 
(1954): 4.5-5.5 x 2.7-3 w; Singer (1954): 4.8-5.7 
x 2.8-4 yw (for one form of the species). These 
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measurements indicate that some collections 
have a larger range in spore size, so that this 
character cannot be used as a reliable distine- 
tion between C. angustissima and C. regularis. 
Thus, according to the information on C. angus- 
tissima in the literature, the only remaining dif- 
ference between the two species is in the length 
of stipe. In view of the variation in size of this 
structure in other agarics, it is questionable if 
this one feature is consistently different and 
represents sufficient basis for a continued separa- 
tion of the two species. Further field observations 
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Fia. 4. (top) Clitocybe leptoloma Peck. X1 
5. (bottom) Clitocybe highlandensis Hesler & Smith. X1. 


need to be made, and it is desirable that C. Pileus 1-4 em. latus, convexus demum ex- 
regularis and C. angustissima be compared in pansus et depressus, griseo-brunneus vel brun- 
culture studies. neus, centro saepe obscuriore, non hygrophanus, 


Clitocybe rhizoides sp. nov. Fig. 7 canus vel innato-fibrillosus; caro tenuis, odore 
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Fic. 6. (top) Clitocybe rivulosa (Fr.) Kummer. X1 
Fig. 7. (bottom) Clitocybe rhizoides sp. nov. X1 (No. 18894, Type). 


mitis, sapore amaro. Lamellae adnatae vel sub- — cens, farctus dein cavus, basi mycelio rhizoideo. 
decurrentes, conferte vel subdistantes, angustae, Sporae 4.5-5.5(-7.5) x 2-3.5(-4.5) wu, albae. 
albidae demum cremeae. Stipes 3-5 cm. longus, Specimen typicum legit L. R. Hesler, n. 18894, 
2-6 mm. crassus, aequalis vel angustus deorsum, — e solo, in pineto, New Hopewell, Knox Co., Ten- 
nonnumquam compressus, pileo concolor vel nessee, January 16, 1949, in Herb. Univ. Tenn. 
pallidior, albido-pruinosus vel fibrillosus, glabres- — conservatum. 
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Pileus 1-4 em. broad, convex, becoming ex- 
panded, more or less depressed, margin even, 
decurved, surface usually innately-fibrillose, 
glaucous at times, often shining, rarely subzonate, 
color grayish-brown to brown (“olive brown”’, 
“bister’, “drab”, “buffy brown’’), whitish when 
covered by leaves, disc blackish at times, neither 
viscid nor hygrophanous; flesh rather thin, 
scissile, odor slight when crushed (suggestive of 
grass or ripe apples), taste bitter. 

Lamellae adnate to subdecurrent, narrow (up 
to 2-3 mm. broad), linear, close to subdistant, 
occasionally forked, white, becoming buff in 
age, edges even. 

Stipe 3-5 cm. long, 2-6 mm. thick, equal or 
tapering downward, compressed at times, stuffed 
becoming hollow, surface whitish-pruinose or 
fibrillose, apex with white squamules or dots, 
glabrescent, concolorous with pileus ur paler, 
base with conspicuous white rhizomorphs. 

Spores 4.5-5.5(-7.5) x 2-3.5(-4.5) uw, ellipti- 
cal, smooth, not amyloid, white in mass; basidia 
15-30 x 3-7 yw, 2- and 4-spored; cystidia not dif- 
ferentiated; pileus tissue: cuticle brownish in 
KOH, pigment in cell contents, hyphae cylindri- 
cal, 1-2(-3.5) uw in diameter, end cells irregularly 
lobed and branched at times, 3-8 win diameter, 
forming a thin turf, finally appressed, trama 
hyaline, hyphae usually cylindrical, 3-11 mw in 
diameter, clamp connections present; gill trama 
regular to subparallel, hyaline, hyphae cylin- 
drical, 3.5-8 uw in diameter. 

Scattered to gregarious on soil, under pine. 

Material examined: all collections from Ten- 
nessee, in pine woods: No. 5233, Anderson Co., 
March; No. 5234, Knox Co., January; No. 10153, 
Knox Co., January; No. 10212, Knox Co., 
January; No. 10214, Anderson Co., February; 
No. 11985, Knox Co., March; No. 17431, Knox 
Co., March: No. 18894 (TYPE), Knox Co., 
January; No. 19603, Knox Co., January; No. 
21638, Sevier Co., GSMNP, near the Park of- 
fice, March; No. 22563, Blount Co., GSMNP, 
Cades Cove, December. 

Discussion. The position of Clitocybe rhizoides 
seems intermediate between C.  trullaeformis 
(Fr.) Quélet and C. verna Egelund, in Lundell. 

The thin turf of cystidioid end cells with intra- 
cellular pigment suggests a relationship of C. 
rhizoides to C. trullaeformis, although the two 
are distinct in other features. C. rhizoides can be 
separated by the surface texture of the pileus, 
the absence of a farinaceous odor and taste, the 
presence of a conspicuous rhizoidal development 
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from the base of stipe. In C. trullaeformis, the 
pileus surface is squamulose and dull, the flesh 
has a distinct farinaceous odor and taste, the 
base of stipe is at most only tomentose-mycelioid. 
On the other hand, the extensive rhizoids of our 
species indicate a possible affinity to the section 
Vernae Singer, especially C. verna. The dark 
colored pileus of C. rhizoides will distinguish it 
from C. verna, either in fresh or dried condition. 
Under the microscope, sections of the pileus of 
C. verna do not show a conspicuous localization 
of pigment in the cuticular hyphae. 


Clitocybe rivulosa (Fr.) Kummer, Fiihrer in die 
Pilzkunde, p. 122. 1871. Fig. 6 

No. 21095, on soil, in pine woods, near Park 
Headquarters, GSMNP, January; No. 23445, 
on lawn, Knox Co., Tenn., October. 


Clitocybe robusta Peck, N. Y. State Mus. Rept. 
49: 17, 1896. Fig. 8 

No. 23436, on soil, under spruce, Newfound 
Gap, GSMNP, October. 

Clitocybe sinopica (Fr.) Kummer, Fiihrer in die 
Pilzkunde, p. 123. 1871. 

No. 4093, on soil and decayed wood, Blount 
Co., Tenn., April; No. 4094, on soil, among moss, 
Blount Co., Tenn., April; No. 21506, on soil, in 
deciduous woods, Knox Co., Tenn., April. 


Clitocybe squamulosa (Fr.) Kummer, Fiihrer in 
die Pilzkunde, p. 123. 1871. 

All collections on soil, in pine and mixed woods 
No. 9707, Highlands, N. C., June; No. 10450: 
Highlands, N. C., July; No. 12306, Highlands, 
N. C., August; No. 21317, near Mt. LeConte, 
GSMNP, April. 

Clitocybe strombodes (Berk. & Mont.) Singer, 
Lilloa 22: 189. 1951. Fig. 10 

Eighteen collections, all on logs and fallen 
limbs of deciduous trees: seventeen collections 
from eastern Tennessee (five from GSMNP), 
June through October; one from Highlands, 
N. C., July. 


Clitocybe subclavata (Pk.) comb. nov. 
Omphalia subclavata Peck, Bull. Torrey Bot. 
Club 27: 612. 1900. 
No. 3843, on fallen oak twig and acorns, Rich 
Mountain, Blount Co., Tenn., June. 


Clitocybe subditopoda Peck, N. Y. State Mus. Ann. 
Rept. 42: 18. 1889. Fig. 9 

Pileus 1.5-4 em., convex at first, becoming 
plane, dise shallowly depressed, in age sometimes 
deeply depressed, glabrous, appearing lubricous 
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Fig. 8. Clitocybe robusta Peck. X24 
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Fig. 9. (top) Clitocybe subditopoda Peck. X1 
Fia. 10. (bottom) Clitocybe strombodes (Berk. & Mont.) Singer. X1. 
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Fia. 11. (top) Clitocybe vermicularis (Fr.) Quélet. X1 
Fria. 12. (bottom) Clitocybe trullaeformis (Fr.) Quélet. X1 


when wet, hygrophanous, grayish to grayish- 
brown (“‘mouse gray”, “olive brown’’) when 
moist, striate, fading to whitish or ashy-white 
and then the margin even; flesh thin, concolorous 
with the pileus, odor and taste farinaceous. 
Lamellae adnate to short decurrent, narrow 


to rather broad, close, grayish (“deep olive buff”), 
edges even. 

Stipe 3-5 cm. long, 3-5 mm. thick, equal, 
glabrous, hollow, moist appearing, concolorous 


with the pileus. 
Spores 4-5.5(-6.5) x (2.5-)3-4(-4.5) gw, sub- 
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globose to broadly elliptical or elliptical, smooth, 
not amyloid, white in mass; basidia 16-23 x 3-5 
u, usually 4-spored, rarely 2-spored; cystidia not 
differentiated; pileus tissue: faintly brownish in 
KOH with the pigment very dilute in cell con- 
tents, cuticle thin, hyphae cylindrical, 2-5 uw in 
diameter, tramal hyphae cylindrical to some- 
what inflated, (2.5-)4-16 w in diameter, clamp 
connections present; gill trama subregular to 
regular, hyphae cylindrical or somewhat inflated, 
4-14.5 uw in diameter. 

On soil, under pine or spruce. 

Material examined: No. 9098, Indian Gap, 
GSMNP, August; No. 10441, same, June; No. 
20266, Cades Cove, GSMNP, November; North 
Elba, N. Y., September, C. H. Peck (TYPE of 
C. subditopoda). 

Discussion. by virtue of the dull grayish- 
brown pigmentation and the farinaceous odor 
and taste, Clitocybe subditopoda is related to such 
species of the section Hygrophanae as C. vibecina 
(Fr.) Quélet, C. langei Singer, and C. pausiaca 
(Fr.) Gillet. 

C. vibecina has a larger pileus (up to 6 cm. 
broad) which is striate only at the edge if at all, 
narrow lamellae that are moderately decurrent 
to long decurrent, a fibrillose coating upon the 
stipe, longer spores (5.5-8 yw). Generally the 
pileus is more deeply depressed than that of C. 
subditopoda. 

The lacrymoid spores of C. langei, and the 
fine tomentose or canescent coatings on pileus 
and stipe, serve to distinguish this species from 
C. subditopoda. 

Perhaps, C. subditopoda is closest to C. pausiaca, 
but according to European mycologists the colors 
of the latter species are distinctive enough to 
warrant separation. The pileus of C. pausiaca is 
a dark gray-brown fuligineus in color, becoming 
paler and more brownish-yellow with loss of 
moisture. The stipe is concolorous with the 
moist pileus, but becomes blackish in age. 
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Clitocybe tabescens (Fr.) Bresadola, Fung. Trid. 
2: 84. 1900. 

No 19317, on soil, near oak stump, Knox Co., 
Tenn., September. 


Clitocybe trullaeformis (Fr.) Quélet, Champ. Jura 
et Vosges, suppl. 11, p. 389. 1875. Fig. 12 

No. 13833, on soil, in deciduous woods, near 
Mt. LeConte, GSMNP, July; No. 21884, on 
soil, in deciduous woods, Horse Cove, Highlands, 


N. C., July. 


Clitocybe vermicularis (Fr.) Quélet, Champ. Jura 
et Vosges, p. 234. 1872. Fig. 11 
On soil, under spruce, Newfound Gap, 


iSMNP: No. 21684, June; No. 21897, July. 


Clitocybe verna Egelund apud Lundell, Svensk 
Bot. Tidskr. 31: 190. 1937. 

No. 11425, on humus, in deciduous woods, 
Knox Co., Tenn., May. 
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